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EDITOR'S PREFACE TO SECOND EDITION.

SINCE the appearance of the First Edition, marine practice

has made many strides, but progress has been rather in the

direction of concentrating practice, along well acknowledged

lines, than by the introduction of any noticeable departure

in the design of boilers. Considerable development has

taken place in the application of steam turbines to marine

propulsion, but it has not called for any change in the

types of boilers already in use.

The most notable addition to the present volume is the

chapter on "Liquid Fuel" which has been specially written

for this edition by Engineer-Lieutenant H. C. ANSTEY, R.N.,
and gives the latest British practice and the most recent

developments, in what may, in the future, see considerable

advances, and exercise no inconsiderable influence on naval

design and tactics.

Since the publication of the First Edition the Boiler

Commission have issued their final Report which together

with the first Report I have added as Appendices.

The recent visit of the French Northern Squadron to this

country will, I feel sure, enhance the interest attaching to

the present volume, as particulars of several of the vessels

that visited Portsmouth will be found therein.

I beg to tender my thanks to the various firms who have

again so kindly placed particulars of their recent practice

at my disposal, and particularly to Mr H. C. ANSTEY
vii



viii EDITOR'S PREFACE

and Mr CHARLES DRESSER for their assistance in the

revision of the First Edition, as also to Mr JOHN MURRAY
for his care and patience in carrying the present Second

Edition through the press.

LESLIE S. ROBERTSON.

28 VICTORIA STREET,

WESTMINSTER, S.W., October 1905.



PREFACE TO FIRST EDITION.

BY SIR WJLLIAM H. WHITE, K.C.B., F.R.S.,

Late Director of Naval Construction, and Assistant-Controller

of the Royal Navy.

AT the request of both the Author and the Translator

I have undertaken to introduce to English readers this

version of a standard French work on " Marine Boilers."

It is a pleasant task, since the book is certain to receive

a welcome from all who are interested in the production

and use of steam-power.

Although M. Berlin is so well known, not merely

in France but in all maritime countries, I may be

permitted to indicate briefly what his claims are to

deal with this important subject. He is one of the

most eminent members of that distinguished body,

the Gnie Maritime. His career has embraced long

service in the French dockyards, at sea, and in the

Ministry of Marine. He has been engaged for some

years as principal technical adviser to the Japanese

Ministry of Marine, under special permission of the

French Government. Since his return from Japan he

has occupied the important posts of Principal of the

IX
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Ecole d'application du Genie Maritime, Directeur du

Materiel, and Chef du Service Technique at the

Ministry of Marine. The last-named office he now

occupies ; and, under existing regulations, he is respon-

sible to the Minister of Marine for the practicability

and technical accuracy of the designs for all new

French ships. As a matter of fact, M. Bertin is the

responsible designer of the latest and swiftest cruisers

now building in France. Consequently, no one is

better placed for speaking authoritatively and with

complete information respecting the most recent

French practice in marine engineering and boiler con-

struction.

The book originated in courses of lectures given

to the students at the Ecole d'application du Genie

Maritime. It is well known that the French system

of education for these students embraces training in

both naval architecture and marine engineering. With

us, after a short preliminary training in common, the

courses of study for the two branches diverge and

become specialised. It is still true, however, that

every competent naval architect must have an intimate

acquaintance with marine engineering, and that every

fully
- equipped marine engineer must be conversant

with the principles of ship construction. M. Bertin

has produced a book, which is of interest and value

to both marine engineers and naval architects. The

former will find ample information respecting the
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history, development, and details of construction of

various types of boilers. The naval architect will

find, in addition, partnrjlars such as are essential to

the preparation of ship designs.

As compared with English text-books, perhaps the

chief interest of this work will be found in the sections

dealing with tubulous boilers. In the use of such

boilers for marine purposes French engineers have

shown remarkable courage and enterprise. The mer-

cantile marine offers many examples of this fact
; but

it is in the French War Fleet that most has been done.

In fact, the tubulous boiler now reigns supreme from

the torpedo-boats up to the largest cruisers and battle-

ships. A change such as this, carried through in a

comparatively short time, has necessarily involved much

of an experimental nature. M. Bertin deals with the

subject frankly and exhaustively. He traces the history

of each type of boiler, enumerates its advantages and its

disadvantages, summarises its experience, and indicates

the line of future progress.

All English naval architects and marine engineers

are happy to acknowledge the lead which their French

colleagues have taken in this matter, and the benefit

which they have obtained from French experiment and

experience with tubulous boilers. This book presents

the best summary yet available, from a French source,

of what that experience has been.

It is hardly necessary to add that in its arrangement
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style, and terseness, the book is a worthy specimen of

French method. In its English dress much information

has been added of the latest French practice.

The work of translation has been admirably per-

formed by Mr Leslie Robertson, whose thorough

acquaintance with engineering in general, and with

tubulous boiler construction in particular, make him

specially qualified for the work he has undertaken.

W. H. WHITE.

October, 1898.



AUTHOR'S PREFACE TO FIRST EDITION.

i

WHEN the task of lecturing on "Boiler Construction"

to the future engineers of the French Navy at the Ecole

du Genie Maritime, where the preliminary education is

purely scientific, fell to my lot, I had had considerable

experience in actual construction in many branches though
none in lecturing. I was much more interested in the theory

of ships and their construction than in the thorough study
of the propelling machinery.

My treatise on " Marine Boilers" was undertaken some-

what unexpectedly, and was prepared for a very special

audience. I was led to write it chiefly because I could not

find in any of the many excellent existing text-books an

account of the evolution that was then going on in boiler

construction. I hope this may secure for me the indulgence
of English specialists, and particularly of those from whom
I have frequently had occasion to borrow information.

I took a deep interest in my task when once it was begun.
I had always kept abreast of the boiler question, and had the

pleasure of knowing intimately M. Sochet, M. du Temple,
and M. Joessel, all of whom are now dead. My official

duties have made me familiar with the efforts of M. Belleville,

who worked with great perseverance for a long time before

they were crowned with success. The fact that I was not

an inventor myself placed me in a favourable position to

form an impartial judgment on the various systems now in

operation.

One all important condition was, however, lacking to me,



viz., the time necessary for sustained and continuous work.

I only lectured on the subject of Marine Boilers for

one year, and the present work, which was published at

the instigation of friends, would have been more complete

if it had undergone a complete revision in a second course

of lectures.

The present English edition, however, will not suffer from

the precipitation that attended the publication of the original

French text. The necessary work of revision has been

carried through by Mr Leslie S. Robertson with great

ability, and with a carefulness which it was impossible for

me to exercise
;

there is not a figure which has not been

checked, nor a calculation which has not been verified. Mr
Robertson has been an invaluable collaborator. He has

spent on the English translation probably more time and

trouble than I devoted to the original French composition.

I offer my most cordial thanks to my learned friend, Sir

William White, who has been kind enough to introduce my
work to the British public. He knows that I entertain, in

the highest degree, for all his works, the esteem which he

has shown for mine, and he may perhaps suspect that, if I

were of a jealous disposition, he would be the man of whom I

should be most envious.

L. BERTIN.

PARIS, October 1898.
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M. BERTIN, Director of Naval Construction and Chef du

Service Technique in the French Navy, is well known in

this country as a prominent Member of the Institution of

Naval Architects, to whose Transactions he has added many
valuable contributions. An English edition of his recent

work on " Marine Boilers" is sure to meet with a favourable

reception by all those interested in marine, and especially

tubulous boilers.

The information and opinions published in the present

work must carry additional weight from the fact that the

Author, by virtue of his high official position, has the fullest

and most recent information at his disposal. And further,

the part played by the French as pioneers in the introduction

of the tubulous boiler on a practical scale for naval purposes,

lends particular interest to the chapters on the introduction

and development of this class of boiler.

vMuch attention has been directed to the important

question of coal consumption by the French, and the results

of the trials contained in the following pages will be read

with interest in view of the attention at this present moment

being directed to this subject in our own Navy.
The French edition was the outcome of M. Bertin's

lectures to his students at the Ecole d'application du Genie

Maritime, but it has been revised and added to so as to

bring the subject-matter up to date. The particulars and the

tables of weights of the Jeanne d'Arc and Chateau-Renault,

now under construction, are particularly valuable on account



xvi EDITOR'S PREFACE

of the size and importance of the installation. It also

indicates an important departure from what has been up to

this present time the usual practice of fitting vessels of this

size with large tube boilers, such as the Belleville boiler.

In the preparation of the English edition I have adhered

to the original text as far as possible, and have, after careful

consideration, decided to maintain the numbers of the figures

and paragraphs identical with those of the French edition,

in order to facilitate reference. In the English edition, where

the ground has already been covered by other text-books,

some of the original French illustrations have been omitted

and the subject-matter in places compressed, while in other

places of special interest it has been extended, added to, and

brought up to date. The value of the work has also been

further enhanced by the addition to the English edition of

a very complete index, which should materially add to the

value of the work for purposes of reference.

The conversion of the French figures into their corre-

sponding British units has entailed a very large amount of

work, but it has enabled me to eliminate many of the little

inaccuracies occurring in the original French edition, which

were no doubt due to the heavy calls upon M. Berlin's time

when preparing his work for the press.

The term Chaudiere a tubes directs has throughout been

rendered direct tube boiler or Admiralty type boiler in contra-

distinction to Chaudiere a retour de flammes or return tube

boiler.

It must be borne in mind that the opinions and facts

advanced are those given by the Author, and that they

refer in nearly all cases to French practice, which materially

differs from our own.

I beg to tender my thanks to the various firms who have

placed valuable information at my disposal, to Mr Prankish

of Messrs John I. Thornycroft & Co., for his assistance, and

especially to my assistant, Mr Charles Dresser, for the great
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care and attention he has given to the preparation of the

present edition.

I regret that the many calls upon my time have delayed
the earlier appearance of this book

;
the delay has, however,

had one advantage, namely, that of enabling me to include

some of the most recent results which do not appear in the

original French edition.

In conclusion, I beg to tender my best thanks to Sir

William White, K.C.B., for the preface that he has been

good enough to write for the English edition of his friend

M. Bertin's work on " Marine Boilers."

LESLIE S. ROBERTSON.

WESTMINSTER, October 1898.
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MARINE BOILERS,

PART I.

CHAPTER I.

THE PRINCIPAL LAWS UNDERLYING STEAM NAVIGATION.

Notation Employed.

A. Weight of coal carried, in tons.

B2
. Immersed midship section in square feet.

C. Coal consumption per horse-power-hour in Ibs.

D. Radius of action, in knots, without deducting, from the

total amount carried, the coal used for the auxiliary engines.

D'. Radius of action, in knots, deducting coal required

for auxiliaries.

F. Indicated horse-power exerted on the pistons.

Fj. Brake horse-power.

I. Coefficient ^^ for multiplying the coefficient N in

order to obtain the radius of action D.

VTt X/ *

I

= M V BT
Coefficients of performance taken I

from the formulas
| w ]\Mr } \

N. Coefficient of radius of action, neglecting consumption
of auxiliary machinery.
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N'. Coefficient of radius of action, including consumption
of auxiliary machinery.

P. Displacement in tons.

Q. Total weight in tons of propelling machinery, includ-

ing coal.

R. Resistance offered by the water to motion of the ship

V. Speed of ship in knots.

A. Ratio of corresponding dimensions of two similar ships

or of those of a ship to those of a model.

c. Stroke of piston in feet.

d. Diameter of piston in inches.

n. Revolutions of engine per minute.

/. Total mean pressure of steam on the pistons, as shown

by the indicator diagrams, in Ibs. per square inch.

m. Weight per horse-power of engine in tons.

q. Consumption of the auxiliary machinery per twenty-

four hours.

S, Sr Constants in the "law of similarity."
*

u. Mechanical efficiency of engine (ratio of brake horse-

power F
l
to indicated horse-power F).

ur Efficiency of propeller (ratio of useful work performed

by the screw to the brake horse-power Fj).

1. Adoption of Steam for Marine Purposes. Steamships

have entirely taken the place of the old sailing vessels in

the navy ;
but in the mercantile marine this substitution

is not quite so complete. With the quick transits and low

freights now in vogue, the sailing vessel can no longer

hold her own against her steam rival, except under certain

conditions.

Sails, retained for a long time as an auxiliary means of

propulsion, are now disappearing from all steamships, since

the advent of multiple screws driven by independent engines.

In the case of warships they have almost entirely disappeared.

* See " Manual of Naval Architecture," by Sir W. H . White, page 474*

last line but one.
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The results of the adoption of steam on board ship, looked

at from a general point of view, are a great increase in speed

and greater regularity of service.

1. SPEED.

2. Speed of Steamships. Speed in a sailing ship depends

so largely upon the direction and force of the wind that it

is extremely difficult to form an estimate of the probable

length of a voyage based on a knowledge of the speed of

the ship itself under favourable circumstances.

Forty or fifty years ago 4 knots was considered a good

average speed for a sailing ship making a long voyage.

The clippers specially built for the China trade, however,

frequently made an average of 6 knots
;

but this was

considered exceptionally good.

The steamship entered upon its career with the same

speed as that obtained by the China clipper ships ;
the

Sphinx, making 6 knots between Algiers and Toulon in

1830, marked the first step.

At present, cargo-carrying steamers have speeds of at

least 10 knots, while the Transatlantic liners attain mean

speeds of 23 knots under favourable circumstances. Large

warships have speeds equal to the Transatlantic liners, but

their engines rarely have sufficient endurance for a run

of over 3,000 miles at a speed of 23 knots. Torpedo-

boats, and other boats built for special purposes, with a

very small radius of action, are not referred to here,

reference being made solely to ships having a considerable

radius of action.

The improvement in speed, which goes on from day to

day, affects the merchant service as well as the navy, for

this reason, that the safety of the former in time of war

depends on their being faster than the latter.

Speed is a costly quality ; speaking generally, it is



4 MARINE BOILERS [CHAP.

regulated in the merchant service by the competition
between shipowners, and in the navy by the rivalry existing
between the navies of different maritime powers.

3. Coefficient of Performance its two Forms. The elemen-

tary formulae, which are used in practice to determine the

speed of a ship as a function of the engine-power, are the

following :

Let F be the gross work done by the steam upon the

pistons, proportional to the mean pressure on the piston

- a72

/, and to the space passed over in one minute 2 c n :

4
the work absorbed in propelling the ship, calling u the

efficiency of the engine, and
x

the efficiency of the screw,

equals :

u u^ F.

On the other hand, if R is the ship's resistance, and V the

speed of the ship, the total work done in overcoming the

resistance to motion will be

R V.

Equating these two expressions we get

(1) R V = u
j
F.

For any given vessel moving with a variable velocity, we

may assume that the following law holds approximately :

(2) R =K V2
.

Now for boats of similar form but of different dimensions,

the law of similarity shows that when V2
is proportional to

A, R is proportional to the cube of A
;
the following relations

then hold good :

from which we obtain

R = s
l
A3

R _Sl ,,9~~

V2
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The coefficient K, which is independent of V, should then

be proportional to A.
2

;
this can be expressed thus :

(3) K = * B2

B 2
being the immersed midship section, it can also be

written :

(30) K =
k^ PS

in terms of the displacement P. From these we get the two

equations :

(4) K B2 V3 = u
!
F

(4/1) ^ P& V3 = u
!
F.

From these we obtain the two following expressions for

V:-
'F

The gross work F is known
;
the speed V is measured on

the trials
;
we therefore obtain a value for a coefficient, which

may be written in two ways :

This coefficient is called the " coefficient of performance
"

of the ship,* M being known as the "
midship-section

coefficient" and M! as the "displacement coefficient."

We have no means of determining the value of the factors

,
uv kj or kv which we have only introduced to explain the

coefficient of performance.

The values of M and M
l vary for the same ship, because

* The values given for the coefficients of performance are the cube roots

of the "
Admiralty coefficients." See " Manual of Naval Architecture," by

Sir W. H. White, page 566.
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K in formula (2) changes with the velocity V, and u and u
i

vary with the revolutions of the engines.
On the other hand, for boats of similar form but of

different dimensions, experiment proves that, for speeds

proportional to ^A, the actual resistance, compared with that

given by the law of similarity, is greater for small boats and

less for large ones. Besides, no ships are exactly alike,

and their speeds, V, do not in the least satisfy the conditions

required by the law of similarity ;
so that for these reasons, in

expressing the speed, V, by one or other of the formulae,

(6) V = I

we must look upon M and M
x

as variable and purely

empirical coefficients. When designing a new boat their

values can only be determined with any exactness if the

results of trials, made upon a ship nearly identical in form,

at similar rates of speed, and under precisely similar

conditions, are known. Some experimenters say the depth
of water must be the same in both cases.

The determination of the speed, as a function of the

horse-power, requires, as has been seen, a knowledge of

a great number of values of M and M
lf

or rather of a great

number of curves of M and M
1} plotted as a function of

the speed. The determination of the speed of a boat that has

to be built to a hitherto untried design, or is intended to

attain speeds beyond those already realised, can be consider-

ably facilitated by making experiments upon a model under

the conditions imposed by the law of similarity. The inter-

pretation, however, of the results obtained by these experi-

ments requires the greatest care and attention.

The Table on page 7 gives values of M and M
1
for some

recently-constructed ships for the French Navy. It will

be noticed that these values sensibly decrease on passing
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from the larger ships to the smaller, the resistance then

becoming proportional to a power of X, rather less than the

square.

The experiments made on the Forban have led M.
Normand to conclude that the coefficients M and M

l
have

a minimum value at a certain speed for each ship ;
after

reaching this they increase indefinitely. The speed to which

this minimum value corresponds, and which for torpedo-

boats of 123 tons' displacement is about 20 knots, would

be approximately proportional to the sixth root of the

displacement, that is to say, to ^A, if the law followed by
these small boats held universally.

The formula (6a) leads to a curious result, if we assume

M constant, and further, that the weight assigned to pro-

pelling machinery is a constant fraction of the displace-

ment P.
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similarity, proportional to the cube of the linear dimensions.
7T

d2 c n p
The power which is given by the expression F = 2

33,000

is only proportional to the square of the dimensions (d
2
) when

the mean piston speed c n and the steam pressure p are alike

in both cases. The power of the engines is then theoretically

proportional to the two-thirds power of their weight.* Then,

according to our assumption, the ratio F to /* is constant,

and the speed V is therefore constant in accordance with

formulas (6) and (6<z), whatever may be the size of the boat.

There is, therefore, nothing contrary to first principles in the

very great speeds that have been attained on small boats.

It was assumed above that the mean piston speed c n

was constant
;
this hypothesis does not hold for the case of

complete similarity between two sets of propelling machinery,

including engines and screw. The exact relation would

then be c n = *Js*jX for the same steam pressure; but as a

matter of fact, the engines of these small boats have a higher

speed of revolution than the law of similarity would assign

to them, and the equation ^ = constant, is more nearly true

than c n = *

2. RADIUS OF ACTION.

4. Calculation for Determining the Radius of Action. The

greatest distance that a ship can steam a property as im-

portant as the speed depends upon the amount of coal

carried and the speed at which the distance has to be

covered. Let C be the consumption of coal per horse-power-

hour in Ibs.
;
then for a given power F, the consumption

* This of course is only true in engines having the same ratio of stroke

to diameter, i.e. when c varies directly as </and therefore as en is constant,

n varies inversely as d. Otherwise when c and d are independent the

weight is proportional to d^c while the power is proportional to d'2cn,

and the weight is therefore directly proportional to the power and inversely

proportional to the speed of revolution.
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equals F C
;

if V be the corresponding speed, the consump-
tion per knot is

FC
V ;

for a distance D, the coal burnt will be

V '

which must be equal to the weight of coal carried in the

bunkers A, and the following equation is obtained :

(7) D^Ax-pr^.
Taking the ratio V to F from the equation (6a) in order to

eliminate F we get

(8\
V _ , 3 i .i

- Wj Xpj
X ^

from which equation it follows that, for a given ship, if A and

C be constant, the radius of action D given by the formula
AT 3 T A

(9) D-r x
i
x

is inversely proportional to the square of the speed.

If two exactly similar ships, but of different rates of

speed, be compared, fitted with engines giving a maximum

efficiency at the required speed, we shall find that A decreases

more slowly than indicated by the law of the squares.

In reality, if the maximum power is decreased from F to F'

in direct proportion to the speed, and if the total weight of

machinery, coal, &c., be constant, we shall have

(10) A+ ?//F = Q
(100) A'+w F'= Q

from which we get

If we assume that the weight of coal A is equal to the

weight of the propelling machinery m F, as is often the case,

and if the speed of the second ship is half that of the first,

p
which makes F'=

,
we obtain
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and A' is then nearly double A. Under these conditions

the radius of action when steaming at full speed, instead of

being multiplied by four, is multiplied by eight. With the

same speed the radius of action of the second ship is nearly
double that of the first.

As the speed at which a ship can traverse a certain

distance depends upon the amount of coal carried, we arrive

at this apparently paradoxical conclusion, namely, that for

a constant weight of propelling machinery, the speed, within

the radius of action, is as much greater as the maximum

power of the engine is less.

Now let us consider the case of ships of different

dimensions moving at the same rate of speed, and let us

assume that for all of them the amount of coal carried A is

the same fraction o of the displacement P
; replacing A by

oP in equation (9), the value of D can then be written :

n M 3

() D-.J^PI.
Thus, if, on dividing up the various weights composing

the displacement, we find that the total weight of coal carried

is a constant fraction of the total displacement, the radius of

action increases as the cube root of the displacement.

While high speeds do not necessitate a large displacement,

a large radius of action does do so.

5. Coefficient of Radius of Action. Replacing o by its value
A

in equation (12), we obtain :

M 3 A(i **
Uss

cv*pT'
The radius of action of a ship, assuming that V is

constant, and that the variations of M l
and C are negligible,

is proportional to the ratio between the total amount of coal

carried A and the two-thirds power of the displacement.

(H) N = ^..
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This quantity N is called the "coefficient of radius of action."

For warships which steam at greatly varying speeds it

has been the custom for a long time in the French Navy to

calculate the radius of action at a speed of ten knots,

neglecting the consumption of coal required by the

auxiliaries; under these conditions, assuming M 1
= 5.75 and

0=1.78 Ibs., we have, taking the ton as unity:

(15) D = 2016 N.

Assigning to N the three values, 0.75, 1.50, 3.0, which

are very nearly those for coast-defence vessels, first-class

battle-ships, and cruisers, we obtain for D the three follow-

ing values, 1,533 miles, 3,068 miles, and 6,130 miles.

The special purpose for which a warship has been

designed, is therefore more clearly shown by the coefficient

N than by any other data.

Passenger boats carry a supply of coal proportional to the

length of their voyage and their actual speed, but greatly

exceeding the amount given by formula (13), so as to be

prepared for any unfavourable weather they may encounter

on their passage.

For short voyages, for instance between Algiers and

Toulon, double the theoretical amount of coal is carried.

For long voyages the excess is not so great ;
thus a

Transatlantic liner, which burns in fine weather 1,700 to 1,800

tons of coal during the run from Havre to New York,

carries in her bunkers 2,300 tons, which is about 33 per

cent, in excess of the estimated consumption. Ships have

been known to run short of coal as the result of meeting
with persistent bad weather. The case may be cited of a

passenger vessel, running from Colombo to Aden, which was

caught in a north-west monsoon, and, after having accom-

plished more than two-thirds of the voyage, had to return

with the help of her sails to Colombo in order to coal. This
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example shows that the adoption of multiple screws cannot

be regarded as a complete substitute for sails, unless care is

taken to increase the supply of coal carried at the same time.

In the French Navy 10 per cent, more coal is allowed in

commission than was burnt during the trials. This increase

compensates for the difference in the quality of the coal, and

in the skill of the stokers, but does not take into account the

condition of the sea during a voyage. The effect of the state

of the sea upon steam navigation will be returned to later on.

6. Consumption of Coal by Auxiliary Machinery. The
value of the coefficient N, which appears in formula (15),

will be given for some of the boats already considered with

regard to M and Mj ;
account has been taken in the calcula-

tion of N of the true values of M
: ,

of C, and, approximately,
of the consumption of the auxiliaries. This last correction is

important, for upon some battleships the auxiliary engines
consume not less than 4^ to 5^ tons of coal per day. The
correction is made in the following manner :

Let q be the consumption of coal of the auxiliaries in tons

per twenty-four hours
;
the ship being continually under steam

the consumption per hour is one-twenty-fourth of this, which

brings the consumption per mile run to

24 V
and the consumption for a distance D is

Now 24

(15) D
and the coal available for propulsion A is then reduced to

The value of N is consequently diminished and becomes

'(,7) N'= = N-84 NP*.
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The consumption q is nearly proportional to the displace-

ment, so that we can write

(18) |=o.ooo5

which assumes a consumption of i ton of coal per day
for a cruiser of 2,000 tons and 6 tons for a battleship of

12,000 tons.

Making at the same time V= 10 knots, we obtain

(19) N'= N -0.0042 N Pi = N (1-0.0042 Pi).

The coefficient of radius of action falls more rapidly the

bigger the ship; it falls to 0.925 N for a ship of n,6oo
tons displacement.

7. Most Economical Speed. Actual Radius of Action. The

total consumption per mile, including that of the auxiliaries,

is given by

(20)
FC+24_FC _q__ P*V* p g_
V V "^24 V" Mj

8 *"

24"V*

This consumption, by reason of the form of its two terms,

will have a minimum value. The corresponding value of

V, C and M
l being constants, will be determined by the

equation

(2,) 2
C
M
PI V-^2 =

from which, making ^ = 0.0005 P, ^^ = 5.755 and 0=1.78,
we obtain, expressing C as a decimal of a ton

In reality the most economical speed depends chiefly

upon the value of C, which is greatly increased for small

values of V
;
and its determination requires the tracing of

two separate curves, one for the consumption per mile of
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the main engines, and the other for that of the auxiliary

machinery (equation 20),

Pi V2

(22) -^TV
(23) *-j?V

the second of which is a hyperbola.
With the sum of the ordinates y and yz

a resultant curve

can then be drawn and the horizontal tangent found.

In getting out the design of warships a distinction is made
between the amount of coal required for the auxiliaries and that

used in propelling the ship. In practice this separation cannot

be made, since the ratio between the two consumptions varies

with the speed on a voyage and the length of time the vessel is

at anchor. During some commissions the consumption of the

auxiliaries may reach 20 or even 30 per cent, of the total supply
of coal on acconut of the amount consumed while at anchor.

D' the radius of action at a speed of 10 knots, taking into

account the consumption of the auxiliaries, has been calculated

from formula (17) for the ships in the following Table :

Name of Ship.
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The displacements given in this Table are taken from the

finished designs of the boats prior to construction, and this

explains why they do not quite agree with the figures in the

Table on page 7, which was compiled from the figures

obtained on the official trials. For the estimated displace-

ment of 6,200 tons the coal supply A of the Dupuy-de-L6me
is only 609 tons, corresponding to a value of D' = 4,5oo; a

similar remark applies to several of the ships referred to in

the Table, the coal supply given being in excess of the actual

amount carried.

In order to show the practical application of formula (15)

to different types of ships in the French Navy, a Table is

inserted giving the distance in sea miles between two of

the principal naval ports of France and the foreign stations

usually visited by French warships. The speed assumed

is 10 knots.

From Cherbourg to
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It will readily be seen that ironclads cannot make the

return voyage to Alexandria, coast-defence vessels to Kiel,

and cruisers to New York or Halifax, even if it is assumed

that the ship travels direct there and back, without carry-

ing out any military operations or manoeuvres. It is for

this reason that sails have been preserved as an auxiliary

source of motion upon some of our battleships, and it

explains why, even upon passenger ships, masts are still

carried, though they are practically of little value in time

of peace owing to the facilities for re-coaling.

Sails, in comparison with steam, form a very light

source of motive power. Their total weight on a large

ship scarcely ever exceeds 10.2 Ibs. per square foot of sail

area, or 307 Ibs. per square foot of midship section. This

is equivalent, at 6 knots, to an engine of 0.32 horse-power

per square foot of midship section, which would formerly

have weighed 0.49 ton without the coal, and to which must

be added 0.49 ton per 1,000 sea miles run at 6 knots.

Under these conditions sails have the superiority over steam

for distances of over 2,000 sea miles, and they are still

retained for merchant ships making long voyages.

8. Curves and Tables of Horse-poiver, Consumption, etc.

The application of algebraical formulae such as (6) and

(13) to the calculation of the general problems in ship

propulsion is a very useful method of arriving at an approxi-

mate solution of the questions involved. As soon, however,

as we consider the case of a ship moving at a variable rate

of speed, we can no longer assume that the coefficient of

performance Mp the consumption per horse-power C, and

consequently the coefficient of radius of action N, are

constants. We must therefore have recourse to curves

giving the actual conditions of working at various speeds.

In practice these curves are supplied with the drawings
of each boat. Taking the revolutions as .the abscissas,
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speed, horse-power, coal per hour and coal per horse-power

hour, are plotted as the ordinates. Four curves are thus

obtained from which the curves giving the coal burnt per
mile and the coefficients of performance and radius of action

are easily deduced.

The following Table gives the results obtained from the

coast-defence vessel Indomptable which have served as a

basis for the designs of other ships.



i8 MARINE BOILERS [CHAP.

takes place with a paddle-wheel, where it is always fairly

constant.

The preceding rule can be expressed under another form.

The speed V being proportional to #, and also proportional

to the cube root of F, equation (6), the horse-power F is

proportional to n3
. But, on the other hand, the horse-power F

is proportional to the product n p, of the revolutions n and the

mean pressure on the pistons. It follows at once from this

that the square of the revolutions of the engine varies as the

pressure p.

This law, which can be expressed thus

?2
2

- = constant,
P

is of a more general character than that relating to the

constant forward motion of the ship per revolution, as it is

independent of the condition of the sea
;
when the ship loses

speed the screws continue to revolve, on account of the

pressure / on the pistons, very much as they would do in

a calm sea.

The coefficient of performance M 1
of a screw steamer de-

creases more rapidly from the effect of a heavy sea than does

that of a paddle steamer, whose engines are not so liable

to race, and the consumption of coal per mile run is greater

for bad weather. This difference, which is of little real

importance, was at one time brought forward as a strong

point by the advocates in favour of the slower paddle boats,

and with good effect.

The Table showing the results obtained from the Indomp-
table can easily be completed by the addition of the con-

sumption per mile, the radii of action being calculated

on the assumption that out of a total weight of 394 tons,

354 tons are available for the main engines, and also by
the addition of the coefficients of performance M and M

x

calculated respectively from the values of B2 and P during
the trials.
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We then obtain the following Table :
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even supposing the engines continued to run at their

ordinary revolutions, but on account of the enhanced risk

of break -down the revolutions are purposely reduced.

There are two reasons for making a reduction in speed of

the vessel desirable : First, there is the risk of striking a

big sea, and second, the risk of accident to the engines.

Ships must satisfy two conditions in order to preserve

their speed during rough weather. In the first place, their

bows must be high and fine in order to prevent the heaping

up or shipping of too much water. In rough weather it

is to be expected that at each dip a few tons of water

will be taken on board, but this will easily run off through
the scuppers. In the second place, in order to ensure a

good immersion of the screw this is absolutely necessary-
it is important to have a considerable draught of water at

the stern.

Large cruisers, that is to say those of from 8,000 to 14,000

tons, have a regularity equal to liners. At about 6,000 tons

the state of the sea has an appreciable effect. In order to

be certain of an average speed of twelve knots in all weathers

a displacement of not less than 3,000 tons is needed. Below

1,500 tons a ship can no longer be absolutely relied upon
for scouting purposes. The whole of the long series of

catchers and torpedo-boat destroyers can only be relied

upon with certainty in fine weather.

It would be interesting to know the number of days

during the year in which the operations of any particular

type of warship have been interfered with or hindered by the

state of the sea
; unfortunately no such data are obtainable.



CHAPTER II.

SHORT DESCRIPTION OF VARIOUS TYPES OF BOILERS.

10. General Considerations. The engine on board ship

is often subjected, as a whole, as well as in detail, to

severe strains.

The weight being limited to a given fraction of the dis-

placement, lightness assumes an importance quite unknown
in land engines. The maximum power that can be obtained

from a given weight varies inversely as the weight of the

machinery per horse - power ;
hence the great importance

of this factor on the general value of the vessel. Further,

economy in coal consumption on board ship is not merely
a question of so much money saved. It is of much greater

importance ;
it means a greater steaming distance with a

given coal capacity, or a reduction of bunker space, which

again in its turn means increased freight-earning capacity,

or increased armaments, as the case may be.

Lightness in boilers is primarily obtained by a reduction

in the weight of water and by the adoption of forced

draught, although the reduction of weight realisable by
attention to the smaller details must not be lost sight of.

Forced draught has but little raison d'etre on land, but is

extensively used on board. It is possible to double, or

even quadruple for a short time, the power of a boiler by
means of forced draught, and the high speeds obtained, in

the first instance on board torpedo-boats, and subsequently
on board larger boats, was largely due to the application of

forced draught.
21
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The search for lighter engines led to the adoption of

higher pressures, but in this case the advantages must be

viewed in relation to the weight of machinery and coal as

a whole, and not in relation to the boilers alone, as the

weight of the actual boilers increases with the pressure.

Over and above the question of lightness, the space avail-

able on board for boilers is often very limited. They must

be capable of being shipped on board without necessitating

hatchways of excessive dimensions. They must be durable,

as simple as possible, and capable in all cases of steaming

long distances without undergoing repairs, or the daily

inspection required by locomotive boilers. Inspection ought
to be possible entirely from the front of the boiler, which is

generally the only side of the boiler at all easily accessible,

and what small repairs may happen to be necessary should be

able to be carried out with the means usually available on

board ship.

Marine boilers are exposed, especially during manoeuvres,

to sudden changes in the rate of working, which often give

rise to straining, and severely tax the elastic properties of the

boiler.

With so many conditions to be fulfilled, it is not astonish-

ing that the ideal boiler has not yet been discovered.

The arrangement of the boiler on board has to be carefully

thought out and considered. Allowance must be made for

the protection of the neighbouring parts of the vessel from

heat, for ensuring a sufficient supply of air to the furnaces,

and for a sufficiently rapid supply of coal to the stokehole.

There are other details, such as getting rid of the ashes,

which, though insignificant on land, assume considerable

importance on board ship. These are more properly

questions of ship construction, and we will content ourselves

by merely calling attention to them in passing.



II.]
FLUE BOILERS

1. CLASSIFICATION OF BOILERS.

11. Flue Boilers. For a long time marine boilers belonged

to the class known as internal flue, or internal combustion

Vertical section on yy.

Fig. 4.

Half elevation and half section on xx.
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Half plan. Half section at grate level.

Fig. 4B.

A. Flame passages.
LL. Water Spaces.

Boiler Pressure

Grate Surface. G.

Heating Surface. S

Eatio 5

B. Grate. C. Funnel.
T. Manhole.

3 '5 Ibs. per square inch.

41 '4 square feet.

915 square feet.

22-1.

boilers, of which there have been many varieties since the

Cornouailles boiler, which is the oldest type of all. This

type of boiler, which possesses advantages from the point of

view of economy in combustion, was specially applicable to

wooden vessels on account of its enhanced security against

fire. It is characterised by the presence on all its sides of
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water spaces completely enveloping the furnaces and flame

passages.

The earlier models, with the low boiler pressures then in

vogue, were simple boxes of a parallelepiped form, where the

flames circulated through large square passages with flat sides

entirely immersed in the water, the top part of the boiler

forming the steam space. (Figs. 4, 4A, 46.)

12. Tubular Boilers Box Type. The first marked progress

made in boiler construction consisted in the introduction of

tubes of small diameter, dividing up the hot gases and

increasing the heating surface.

The box-shaped passages were replaced by a nest of

tubes, surrounded by water, through which the hot gases

passed.

The course taken by the gases was from the furnace to

the combustion-chamber, which might be common to several

furnaces, through the nest of tubes to the smoke-box, and

so to the funnel. This class of boiler was used for a long

time in the French Navy. (Figs. 5 and 5A.)

Sometimes the box-shaped passage was retained, only
filled up with a nest of vertical tubes, around which the

flames passed on the outside, the water being on the inside.

This boiler, known as the Martin or Cochrane boiler

(Figs. 6 and 6A), was adopted on several English passenger

steamers, on the Vanguard, and in the American Navy.

13. Cylindrical Boilers. The rectangular form of boiler,

though well adapted to the form of the stokehold, had to

be abandoned when higher pressures were adopted.
There were numerous attempts about this time to make

boilers consisting of a simple nest of tubes and reservoirs

attached, all heating being external
;

but these attempts
had to be abandoned, and boilers of large volume, similar

to those at present in use, known under the name of marine
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boilers or Scotch boilers, because they were first used on the

Clyde, came into use.

Cylindrical boilers, due to their form, stand the higher

pressures better, and only need staying in one direction

instead of in three. The great drawback to the cylindrical

form was the amount of water it contained, whereas with

rectangular boilers, largely composed of water-spaces, of

which it was much easier to regulate the thickness, the total

MARTIN OR COCHRANE BOILER.

Scale 1 cm. =

Fig. 6. Fig. 6A.

quantity of water contained could be considerably reduced.

Cylindrical boilers are made with one, two, three, and four

furnaces. Those having three or four furnaces have them

at different heights from the stokehold floor
; Figs. 7 and

7A show boilers with two furnaces
; Figs. 8 and SA,

three furnaces. The same internal arrangements are met

with as in the rectangular boiler, consisting of furnaces,

combustion - chambers, a nest of tubes and smoke - box,
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and the flat water-spaces met with round the combustion-

chamber are similar in both cases.

Cylindrical boilers are made single and double ended
;

the latter, shown in Figs. 9 and QA, 10 and IOA, may
have as many as eight furnaces. This arrangement is

adopted to save weight and space.

Boilers of elliptical form were also tried, but were

abandoned on the introduction of higher pressures.

The cylindrical type is that now almost universally

adopted in the mercantile marine, but on account of the

small amount of head-room available on some men-of-war,

in order to reduce the diameter, the tubes were placed as

a continuation of the furnace, the combustion-chamber

being between the furnace and tubes. This type had a

large amount of water in the neighbourhood of, and sur-

rounding the furnace, and so exaggerated the difficulty

with regard to weight, which elliptical boilers had been

primarily designed to lessen.

14. Locomotive Boilers. The necessity of reducing the

amount of water led to the introduction of the locomotive

type of boiler, in which the large rectangular furnace is

surrounded by flat water -
spaces, and the combustion-

chamber is entirely done away with. These boilers gave

very good results on board the torpedo-boats when in the

hands of thoroughly experienced persons, but they were

not able to stand the long runs to which they would have

been subjected on ordinary boats.

15. Tubulous Boilers. The introduction of still higher

pressures and the necessity of cutting down weights,

especially in the navy, led to the introduction of boilers

composed entirely of tubes filled with water and steam.

Boilers composed of tubes, or tubulous boilers, have replaced

the locomotive boilers on torpedo-boats, and are being
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extensively used on despatch
- boats, and cruisers in the

French and other navies. The Messageries Maritimes have

also adopted the oldest and best known type of tubulous

boiler, the Belleville boiler, on their passenger steamers.

The different types of tubulous boilers are so numerous

that we cannot do more than give a general description

of them, as we did of cylindrical boilers. In our more

detailed examination we shall divide them into three

distinct groups.

TORPEDO-BOAT LOCOMOTIVE BOILER (TYPE B).

Scale 15 mm. 1 metre.

Fig. 12. Fig. 12A.

(a) Boilers with Limited Circulation, that is, serpentine or

coil boilers, in which there is no circulation except that

necessary to replace the water evaporated. The generating

tubes, arranged more or less in the form of a coil and

composed sometimes even of a single tube in a helical form

surrounding the furnace, receive the feed-water at one end

and discharge the steam at the other.

The Belleville boiler is the best known boiler of this type.

(<) Boilers with Free Circulation. The chief characteristic

of these is the presence of a vertical flat water-space at the

front and back of the boiler connected by horizontal or slightly

inclined tubes.

These tubes receive the water from one reservoir and
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discharge it into the other as steam. The current is, as a

rule, much more active than in the previous case, and the

steam gets away much more freely. The best-known boilers

tc

fa

O

in France of this class are the Oriolle, D'Allest, and

Niclausse.

(c) Boilers with Accelerated Circulation, or Boilers with

Horizontal Reservoirs placed at different heights. This class
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of boiler is characterised by the direction given to the water,

which is as nearly vertical as possible in its passage between

the reservoirs. Large down-take tubes return the water from

the top steam drum to the lower water drum.
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Everything is thus arranged to facilitate a continued and

general circulation.

The typical boiler of this class is the Du Temple boiler,

from which have sprung the Thornycroft, Normand, and

other boilers. This classification into three distinct groups
does not hold universally, as there are some intermediate

types which it is very difficult to classify. They naturally

fall into this classification from their general arrangement
and mode of working.

TORPEDO-BOATS, Nos. 172 to 176.

DU TEMPLE BOILER.

Scale 15 mm.=l metre.

Fig. 16. Fig. 16 A.

The boilers of the first two classes are now being exten-

sively used on shore, where they are entering into competi-
tion with the old cylindrical boiler, and have the advantages
of greater immunity from danger of explosion ; they are also

fairly economical at the low rates of working at which they

are run on shore.

The tubulous boilers of the third class are specially adapted
to the requirements of the navy.
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2. NOTES ON THE GENERAL BEHAVIOUR
OF BOILERS.

16. Boiler Fittings. A boiler is really in principle a simple

piece of apparatus, although it may be of delicate construction

and may need careful handling to obtain the best results. It

consists of a chamber for the flames and a reservoir for the

water placed next to one another, and it is difficult to discern

beyond these any well defined or distinct organs. The flame

chamber commences with the furnace, which consists of

two parts, the furnace and the ashpan, separated from one

another by the grate. It is followed by a combustion-

chamber often difficult to distinguish from the flame passages,

and it terminates in the smoke-box.

The water and steam reservoir, which is the boiler

properly so called, always fulfils the same function whatever

its form. It is sometimes fitted with a settling drum, where

the solid matters contained in the water are deposited, and

at the top a steam receiver, which enables the steam to be

taken off well above the water-level.

The various parts of the boiler are stayed as occasion

requires, and manholes are fitted for cleaning and inspection.

The boiler mountings are numerous and often complicated.

The funnel by creating a draught draws the air into the

furnaces. It is a very simple, though not a very economical

way, of procuring the necessary air for combustion.

To reduce the likelihood of accidents, there are nearly

always two distinct systems of feed, one by the feed-pump
in the engine-room and one by the donkey-pump in the

stokehold.

Each system has its own piping, and must be capable of

supplying all the water that may be required by the boiler.

The feed-pumps are designed for ordinary use, and are under

the. control of the engineer in the engine-room ;
the donkey-
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pumps are only a stand-by in case of need, and are controlled

by the stokers. The main feed-pumps are also occasionally

placed in the stokehold. The feed system comprises all the

fittings for purifying and heating the feed-water, questions

which are daily growing in importance and receiving more

attention. Means for injecting lime into the feed-water are

now usually fitted.

A very important fitting, especially on warships, is the

fan, which allows the draught to be varied at will inde-

pendently of the funnel.

Several attempts have been made to use mechanical

stokers, but so far without success. The only case where it

has been successful is with liquid fuel.

To the above may be added those fittings more especially

useful to increase the safety or security of the boiler
; they

are pressure-gauges, safety-valves, low-water alarms, water-

gauges, and test-cocks. Float feed-regulators are also used

to regulate the feed.

Lastly, there is the steam stop-valve and all the piping
which may be considered an adjunct either to the boiler or

the engines. Each boiler has its own stop-valve to enable

it to be shut off at will from the rest of the boilers.

The steam piping, with all its subsidiary fittings, such as

valves, expansion joints, traps, separators, is daily becoming
more and more complicated. The complications introduced

into the steam piping of the navy form a striking contrast

when compared with that of the mercantile marine, even

where the duties to be performed by the piping are more

or less the same.



CHAPTER III.

BRIEF DESCRIPTION OF MARINE ENGINES.

$ 1. GENERAL CONSIDERATIONS.

17. Working Conditions of Marine Engines. The marine

engine and boiler being so closely connected together, and

forming as a whole the propelling machinery of a vessel,

some brief elementary remarks on marine engines may not

be out of place.

The conditions under which a marine engine is called

upon to work are different in many respects from those

obtaining in land engines ;
for instance, the question of

weight and consumption of steam are of very much greater

importance in the first case than they are in the second.

The speeds of marine engines are, as a rule, higher,

since, by increasing the revolutions of the engines, their

power may be augmented without at the same time

proportionally increasing their weight. This bears a close

analogy to the use of forced draught for increasing the

power of a boiler.

By increasing the boiler pressure and expanding the

steam successively in two, three, or more cylinders, economy
in steam consumption has been realised.

Marine engines are always condensing engines, which,

from an economical point of view, is in their favour. For

land engines, it is frequently impossible, for want of circu-

lating water, to secure this advantage.
-11
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The facilities for manoeuvring the engines, stopping,

starting, reversing, etc., have to be much greater on marine

engines, as the exigencies of navigation and war render this

imperative. The screw having now entirely replaced the

paddle in the mercantile marine, except in the case of a few

river and cross-channel steamers, and having completely done

so in the navy, the screw engine only need be dealt with.

2. CLASSIFICATION OF ENGINES.

18. Vertical Engines.
-- Vertical engines, with their

cylinders directly over their shafting, are universally used

in the mercantile marine, where there is never any want

of head-room. The greater facility they afford for inspec-

tion while running has led to their general adoption in

the navy.

To economise floor space, tandem engines, with their

cylinders one on top of the other, are sometimes adopted
in the mercantile marine.

On warships, the necessity of protecting the engines,

either by keeping them under the armoured deck, or under

the water-line, led to the introduction of the horizontal

type. The horizontal engine has, however, been gradually
abandoned in favour of the vertical engine.

19. Horizontal Engines. Various kinds of horizontal

engines were adopted, such as the trunk engine, return

connecting-rod, etc., all of which are too well known to

need detailed description here.

20. Nomenclature Employed. The cylinder receiving the

high-pressure steam from the boiler is always known as

the high-pressure cylinder, that exhausting into the con-

denser as the low-pressure cylinder. In a triple-expansion

engine, the cylinder between the high- and low-pressure is
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known as the intermediate cylinder, and in the case of a

quadruple-expansion engine, the two cylinders between the

high-pressure and low-pressure are known as No. 2 and

No. 3 cylinder ;
the end of the cylinder nearest the crank

is known as the bottom of the cylinder, and the opposite

end as the top of the cylinder.

3. THE PRINCIPAL PARTS OF THE ENGINE.

21. Course of Steam through the Engines. The steam

enters the engines through the main stop-valve and

throttle-valve.

This latter valve, which is of great service to the

engineer in manoeuvring his engines, can also be used as

a primitive kind of reducing valve.

The steam then passes direct into the high-pressure

valve casing, which may or may not be fitted with an

expansion valve. The reversing engine, fitted on large

marine engines for reversing purposes, is also used to vary
the expansion of the steam in the cylinders. Slots are

generally provided on the levers fitted to the way-shaft
to enable the expansions in the different cylinders to be

altered independently within certain limits.

After passing through the cylinders, the steam is

exhausted into a surface condenser, which is a necessity,

on account of having to feed the boilers with fresh water
;

and this is a matter of the very greatest importance with

tubulous boilers, as we shall see further on. The various

pumps, such as circulating -pump, feed-pump, air-pump,

etc., need not be dealt with here.

22. Moving Parts of Engine. A few of the various

moving parts of the engine may be enumerated, though

they cannot be described in detail. The piston-rod is fitted

into the piston and passes through the stuffing-box, being
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fitted at the end with a cross-head and guide-slipper. The

connecting-rod is attached at its upper end to the cross-head,

and its lower to the crank-pin. The shafting consists of

crank-shaft, thrust-shaft, intermediate lengths, and tail, or

propeller shaft. This latter passes through the stern-tube,

and carries on its outer end the propeller boss, to which

the screw blades are attached. The thrust-block takes up
the thrust of the propeller and transmits it to the hull of

the vessel. The slide- and piston-valves distributing the

steam to the various cylinders are driven by eccentrics off

the crank-shaft. Various kinds of valve-gear, both of

single and double eccentric types, have been adopted, but

the simplest and most largely used is the ordinary

Stephenson double-link motion.

A small auxiliary engine is usually fitted for turning

the engine in port when under repairs.

For more complete details of this subject the reader is

referred to the Editor's English edition of Dr Bauer's

"Marine Engines and Boilers."



CHAPTER IV.

PRODUCTION OF HEAT FROM COAL.

1. GENERAL CONSIDERATIONS.

23. Boiler Efficiency. Total Heat Tables. The quantity

of water evaporated in a boiler is always a matter of the

greatest importance, and determines the efficiency of any

given type. The efficiency being the ratio between the

quantity of heat utilised in evaporation and that which would

have been produced had the combustion been perfect.

The properties of coal will be dealt with later. A Table

is subjoined giving the amount of heat necessary to raise

i Ib. of water from 32 Fahr. to t Fahr., and to transform

it into dry steam at that temperature. (See Table on next

page.)

The second factor determining the total evaporation of

a boiler is the total quantity of coal that can be burnt.

This depends mainly upon the area of grate and the air

pressure.

24- Various Considerations affecting the Efficiency of Boilers.

Over and above the efficiency, the value of any particular

type of boiler must be arrived at by taking into consideration

the life of the boiler and its liability to accidents and break-

downs. The efficiency and safeness of any boiler depend

upon its design, and the care exercised in its construction,

and to a certain extent upon the care with which it is

handled, and the proficiency of the stokers.
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Total pressure in

Pounds per
Square Inch.
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We shall, however, direct our attention more particularly to

the construction of boilers, as it is difficult to lay down hard

and fast rules for their management, except in regard to the

old tubular boiler, where long experience renders this possible.

These rules apply more or less to tubulous boilers, with the

addition of some special precautions for the maintenance of

the fires, supervision of the water-level, and management of

the feed.

2. FUEL AND GRATES.

25. The Composition of Coal and its Analysis. Coal em-

ployed for firing boilers is composed mainly of two elements,

carbon and hydrogen, associated with oxygen, nitrogen,

sulphur, and certain mineral matters which constitute the

ash. The sulphur is sometimes met with in appreciable

quantities, generally in the form of pyrites.

One pound of hydrogen, when burnt, develops 62,030

British thermal units, or B.T.U., and requires for combus-

tion 8 Ibs. of oxygen.
Pure carbon (the result of the calcination of wood), when

completely burnt and transformed into carbonic acid, develops

14,540 B.T.U. per pound, and in doing so consumes 5.89

pounds of oxygen. The calorific value of carbon, if very

compact, diminishes slightly ;
it falls in the case of the

diamond to 13,860 B.T.U.

Charcoal, when transformed into carbon monoxide by its

combination with 1.33 pounds of oxygen, develops 4,450

B.T.U.

Carbon monoxide develops per pound of carbon 10,090

B.T.U., thus making up the 14,540 B.T.U. The difference

of 5,640 B.T.U. between 10,090 and 4,450 is the latent heat

of the carbon vapour.

The calorific value of coal is determined by means of

a calorimeter. The latest form of this instrument is the
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"bomb" calorimeter, devised by MM. Berthelot and Vieille,

in which combustion takes place under pressure in pure

oxygen. This is a very simple instrument, and can easily

be used by engineers interested in the study of coal.

The analysing of coals, and the determination of their

calorific value, has been undertaken by a large number of

experimenters. The results obtained are mainly for English
coals. Full information on these points will be found in the

works of Messrs Stromeyer, and Seaton.
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The following results have been recently obtained by
M. Malher under the auspices of the Societe d'Encourage-

ment.
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The expression (2) can be written

(3) Q = 14,652 + 62, 100 - 5,400 (100
- C -

H),

or on simplifying

(4) Q = 20,052 C + 67, 500 H -
540,000.

The formula (2) is similar to (i), inasmuch as it only takes

into account the chemical composition of the coal, and

consequently can only give approximate results
;

the in-

accuracy according to M. Mahler's table, being always less

than 3 per cent.

26. Gruner's Classification. Qualities of Coal Specified for

the French Navy. M. Gruner, in his treatise on Metallurgy,

has given a classification of coals by using the length of the

flame as the classifying agent ;
this classification follows the

order of their densities, and most probably in the order of

their geological formation from the lignite up to the anthracite

coals. The following Table gives a resume of their classifica-

tion :
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The analysis of coal No. i and coal No. 5 gives a nearly

constant value for hydrogen, varying irregularly between 5

and 4 per cent. The quantity of carbon only varies between

75 and 93 per cent, instead of between 50 and 90 per cent.,

and the quantity of oxygen and nitrogen combined drops
from 20 to 3 per cent.

Coals Nos. i and 4, for various reasons, have the

common characteristic of not caking when being converted

into coke.

Coal No. 4 is specially adapted for burning in marine

boilers. It is to this class that the English Cardiff coal and

the French Anzin coal belong. The Pacahontas coal of the

United States gives the following analysis :

Coke .... 75-92

Volatile Matter . . 18-14

Sulphur .... 0-75

Ash, etc. . . . 5 -

l 9

100-00

Coals containing 14 per cent, of volatile matter may be

used for briquettes. This corresponds very closely to the

Anzin coal largely used in the French Navy.
The 8 per cent, of pitch added as a cementing agent

increases the proportion of the volatile substance by 4 per cent.

The briquettes made of poor coals, with only 10 per cent, of

volatile matter, break up very easily in the furnace and fall

through the bars. When new supplies of coal have to be

furnished for the French Navy, the minimum proportion of

73 per cent, of coke is insisted upon prior to their being
submitted to their reception tests. The calorimetric values

and the elementary analysis give approximately the value of

the coal as a combustible for marine purposes. The analysis

and classification given in Gruner's Table give very reliable

results, but in order to be perfectly sure of its value the coal

should be tried on board, under ordinary service conditions.
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27. Coal Reception Tests in Force in the French Navy. The

instructions for testing, which are still in force, dating from

the 25th January 1861, and 8th April 1864, were issued

under M. Dupuy de Lome. They were drawn up with the

object of arriving at the best coal for the rectangular return-

tube boilers which were exclusively used at that time.

The evaporative power of the coal is determined by

measuring very exactly the quantity of water evaporated per

pound when burning half a ton of coal in a standard boiler.

Note is taken of the rate of combustion, and a distinction

is drawn between the quick-burning and slow-burning coals.

This is determined by the quantity of coal burnt per square
foot of grate per hour at natural draught. The desire to burn

a large quantity of coal at natural draught led to the use of

quick-burning coals occupying a position above No. 4 of

Gruner's scale. This has lost its importance since the in-

troduction of forced draught which permits of the use of even

anthracite coals.

The third class of measurements taken refer to the quantity

of ashes and clinker remaining after combustion, and the

amount of soot deposited in the tubes. These measurements

are important, as cleaning the fires and sweeping the tubes

are in themselves a laborious operation and may strain the

boiler, not to mention the loss of heat that they give rise to.

The amount of ash left after calcination is measured in

a crucible
;
this test also gives the proportion of coke to the

volatile constituents.

Lastly, the cohesion of the coal is measured in order to

test its ability to stand manipulation on board without

crumbling to dust. No alterations have been introduced into

these tests for cohesion since their first introduction. The

coal is placed in a cylindrical receptacle, which is given fifty

turns in two minutes. It is then passed through a sieve, and

the ratio of the coal remaining in the sieve to the total quantity

under test is taken as the measure of its cohesion.
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The early trials with the standard boiler gave somewhat

unexpected results, the most important of which are given in

M. Picart's report published in the Memorial du Gtnie

Maritime in 1867. This report showed that the mixture of

Cardiff and Newcastle coal used on all the trials was inferior

to the Anzin coal in regard to evaporative efficiency,

quickness of burning, and cohesion. The supply of Cardiff

coal was stopped, and the manufacture of briquettes from

the North of France coal-beds was commenced and further

developed.

For twenty years the tests have been carried out in the

different dockyards on the old rectangular boiler with a

pressure of 25 Ibs. to the square inch, which is sufficient for

all comparative tests, and a large amount of information has

been collected on the various French coals. When pushing
the fires to determine the quickness of burning of the coals

20.5 to 26.6 Ibs. per square foot have been burnt. The water

evaporated, which was as low as 6 Ibs. per pound of coal for

inferior coals, \vith good briquettes rose to 8.6 Ibs.

The quantities of clinker, ashes, and soot varied largely,

but a good result, though rarely attained, and one easily to

be remembered, is 3 per cent, clinker, 3 per cent, ash, and

0.3 per cent. soot.

As the old rectangular boilers required renewing they were

replaced by cylindrical boilers with a pressure of 114 Ibs. per

square inch.

This change has more value in arriving at a comparison
between the two types of boilers than in comparing the

various classes of coal.

The quantity of water evaporated by the new boilers, due

to the better arrangement of tubes and furnace, is naturally

slightly higher, and further, the total heat of steam at 114 Ibs.

per square inch is only 2.5 per cent, greater than that at

28 Ibs. per square inch. Good briquettes now give an

evaporation of 9.6 Ibs. Besides the old trials, where the fires
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were slightly pushed, slow combustion trials were also carried

out, but the results were so nearly identical as not to warrant

the extra expense entailed.

Forced draught trials have now been added, in which

30 Ibs. were burnt per square foot of grate, and the evapora-
tion dropped about 15 per cent., seldom exceeding 8 Ibs.

per pound of coal.

The accompanying Table gives the tests specified, which

are usually exceeded. The evaporation given corresponds to

a combustion of 20 Ibs. per square foot per hour :

Name of Fuel.



IV.] "FROM AND AT 212 FAHR." 55

only amounts to 16 thermal units when the pressure rises

from 170 to 310 Ibs. per square inch. The latter correction,

therefore, is not of much importance when comparing boilers

of very high pressure.

In England the correction to "from and at 212 Fahr."

is always used to obviate the variations of temperature in

the water and the steam. A pound of water evaporated

from and at 212 Fahr. necessitates an expenditure of

966 B.T.U.

Taking a boiler which evaporates 9 Ibs. of water from

50 Fahr. at a pressure of 284.4 I DS - per square inch, the

correction will be as follows : To 284.4 Iks. must be added

the atmospheric pressure, 14.7 Ibs.; this gives the absolute

pressure as 299. i Ibs. per square inch, and the corresponding

temperature is 416.8 Fahr. Then the equivalent evapora-

tion "from and at" is given by the expression

a result very different from the original 9 Ibs. of water. The

quantity

1,114 0.7 X4i6.8+ (4i6.8 50)

966

is called the factor of evaporation.
In round figures this correction increases the figure for

the evaporation in the ratio of i to 1.2.

Measuring the efficiency by means of the water evaporated

is always inexact, as no account is taken of the dryness
fraction of the steam. For this reason the consumption of

coal per horse-power is the best basis of comparison.

29. Description of Different Kinds of Grates. Coal is burnt

on various descriptions of grates, which are nearly always

composed of steel or wrought iron, or sometimes, with certain

kinds of coal, of cast iron.

The type used in the French Navy (Fig. 22) has a
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maximum length of 2 ft. g| in., a thickness on top of i in.,

with | in. air spaces.

The spacing of the bars is kept constant by means of

distance pieces, a small amount of play being allowed for

expansion. This form of grate is well adapted for burning
Anzin coal with natural draught when the fire is about

6 ins. thick.

Fig 23.
Fig. 23A.

n.

Fig. 22. Fig. 24.

The English Admiralty uses thinner bars, about

thick, spaced \ to f in. apart, as shown in Figs. 23 and

In England the bars are sometimes riveted up together,

two or three at a time, with distance pieces between them.

This arrangement, which is also in use on several of the

French torpedo-boats, makes the bars more rigid, and enables

them to be made of greater length, up to, say, 4 ft. 3 ins. or

4 ft. 6 ins.

In America the upper surface of the bar is sometimes

recessed (Fig. 24), and adds to the life of the bar.
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Care is always taken to leave very little play between the

side of the furnace and the bars, in order to avoid an influx

of air and a consequent high temperature at this point.

For a long time a system of grate was employed on the

Belleville boiler consisting of thin bars pressed into a special

form and riveted up in pairs. This arrangement is shown in

Fig. 25. The air enters through the hexagonal holes shown

in Fig. 25A.

MM. Niclausse places the bars very close together, the air

T

im\

Jlf

Fig. 25.

passages being only T̂ to | in., the breadth of the bar

being about f in.

The ends of the fire-bars rest on bearers formed of two

cross-bars riveted together with a space between them. At

the fire-door end they rest on a broad cast-iron plate of

sufficient breadth to prevent combustion taking place near

the fire-door. The bearers and sole-plate are held in posi-

tion by pieces of angle-bar riveted to the sides of the furnace.

In America various kinds of grates with movable bars

have been used to facilitate stoking, having been adopted

by the American Navy from locomotive practice.

The grate terminates at the back end in a bridge resting
on a cast-iron or cast-steel cross-piece. The bridge keeps
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T

I

the coal from falling off, causes

the flame to rise, and closes

the end of the ashpit. It is

often provided with holes for

the passage of air into the com-

bustion-chamber.

3. NATURAL DRAUGHT.

30. Calculationsfor Determin-

ing the Draught. The Velocity

of Air corresponding thereto,

The draught is due to the

difference in weight between

the hot column of air in the

funnel, calculated above the

grate, and the cooler column

of air outside the boiler.

The depression existing in

the boiler resultant from the

difference above alluded to,

and the velocity consequent

upon the same, is usually

measured, not in the furnace,

but in the smoke-box. The

instrument used in measuring
this depression generally con-

sists of a bent glass tube con-

taining water, having one of

its ends or legs in direct com-

munication with the interior of

the smoke-box where the de-

pression exists, the other end

being open to the atmosphere.
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The draught thus measured is expressed in so many
inches of water.

The column of air at a temperature of 572 has a specific

weight of about half that of the external air.

If H be the height of the funnel above the bars, and

the velocity be taken as uniform, the depression at the

base of the funnel would be H. Expressing this in

inches of water we have

(5)
= H x

0.03611
x 12 = 0.008 H.

Where H equals the height of the funnel in feet, and h

the height of the water column in inches. The weight of

V* 7 Fig. 26.

L_*i

i cubic in. of air at 32 Fahr. is 0.0000466 lb., and that of

i cubic in. of water 0.0361 1 lb.

Thus, at the base of a funnel 66 ft., 49 ft., or 33 ft.

high the depression will amount to 0.53 in., 0.39 in., 0.26

in. of water respectively, on the supposition that the mean

temperature of the gases in the funnel is 572 Fahr., and

that the movement of the column of air is not obstructed.

Let us consider now the varying speeds of the different

portions of the column of air on the assumption that it is

unobstructed. Let V
l
and V2 be the speed in feet of the
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column of gases at two different points, at sensibly the

same height, between which there is no resistance to

motion, h^ and //
2 the depression at these points expressed

in inches of water, and ^ and <5
2

their respective specific

weights in relation to the air.

The following relations will hold between Vv V
2
and

(6)

or, using A to denote a small difference

replacing by 32, we get approximately

A S V2 = 6,900 A h.

For hot air when 8 = \

(7)
A V2 = 13,800 A h

;

for cold air when S = i
;

(8)
A V2 = 6,900 A h.

If, for example, we consider the entrance of the cold air

into the furnace without resistance, for a depression of 0.4

in. in the furnace, V = 52.5 ft. per second, and for a

depression of 0.5 in., V = 58.7 ft. per second
;
these figures

will only hold for the admission of air above the grate

without resistance, and in such quantities that the value

of h is not diminished. When the furnace doors are

thrown full open the influx of air increases the resistance

through the tubes, smoke-box, funnel, etc., and at the same

time reduces the temperature. This largely diminishes the

depression above the grate, and consequently the air does

not enter the furnace at the speed above given by formula (8).
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31. Actual Speed of Gases. Resistance due to the various

parts of a Boiler. Section of Passages required. Formula (8)

does not even hold approximately, if we consider the air as

entering through the ashpit doors.

It has been observed that the velocity of the air is

12.73 ft. on entering the ashpans for a depression of 0.52

in. in the ashpans, which corresponds to a depression of

0.43 in. in the furnace. If the air spaces between the

furnace bars are equal to 60 per cent, of the grate

surface, or say three times the section of the ashpit doors,

the speed of the air through the bars will only be about

4.26 ft.

Calculating the depression for a speed of 12.73 ft., we

have

12 7 12

-6^
=

' 23 in"

a very small fraction of the whole draught.

At the base of the funnel the velocity of the gases is

much greater than through the ashpans, on account of

the reduced section, and also that the volume of the gases
is increased, due to the increased temperature.

To the weight of the column of air must be added also

the weight of the products of combustion.

Supposing the section of the funnel to be three-quarters
of the section through the ashpits, the volume of the gas
will be doubled when raised to 572, and therefore the

speed will be 2.66 times that through the ashpits. The
increase of weight, amounting to about ^, may be neglected.
The value of A h, therefore, at the base of the funnel may
be taken to correspond to about

0.023 x 2.66- = o. 16.

The energy absorbed in putting the column of gases
in motion is small compared with that absorbed in over-
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coming the resistance of obstructions, of which thus far we
have taken no account.

Neglecting the resistance due to the ashpits, which is

not great, the draught of 0.51 in. may be divided up as

follows in a return-tube boiler :

Resistance due to the funnel, uptakes and smoke-box

,, ,, tubes

,, ,, fire-box bridge, furnace

,, ,, fire of moderate thickness.

, , , ,
inertia of column of gases .

Total .

Inch.

0-02

0-11

0-06

0-30

0-02

0-51

In the above division the total draught of 0.51 in. is

measured from the fire-bars, thus neglecting the height
of the smoke-box, where the draught is usually measured.

The actual readings on the gauge would be 0.02 in. in

the ashpit, 0.33 in. in the furnace, 0.39 in. in the com-

bustion-chamber at the back tube-plate, and 0.51 in. in the

smoke-box.

As a matter of fact, the movement of the gases is by no

means uniform, and is subjected to great fluctuations. The

following Table is of interest when considering the move-

ment of the gases as a whole :



HEIGHT OF FUNNELS

The following Table gives sections of air passages for

other classes of boilers :
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double casing for the ship's ventilation that the expediency
of increasing the height of the funnel of the old boilers was

discovered.

In practice, the height of the funnel depends largely on

the height of the upper deck and the class of vessel. On a

cruiser, when the flying deck is about 33 ft. above the grates,

the funnel may have a total height above these of 69 ft.

On the Columbia and Minneapolis the funnels are 98.5 ft.

high, though they only have a height of 20 ft. above the

upper deck. On a gunboat, when the upper deck is only
10 ft. above the bars, a height of 40 to 50 ft. might seem

excessive to any one not conversant with the exigencies of

the case. On smaller craft, such as torpedo-boats, the funnel

is never sufficient for the draught, and forced draught has

always to be resorted to.

The use of protective decks, where all openings are

reduced to a minimum, has so dimished the section allowed

for the passage of air to the stokehold as to render

combustion at natural draught incomplete whatever the

height of the funnel.

4. FORCED DRAUGHT.

33. Early Applications of Forced Draught. For a long time

only natural draught was known. The height of the funnels

gave sufficient draught to ensure a combustion equal to that

of an ordinary land boiler, and suited to the then require-

ments of the service.

The adoption of surface condensers prohibited the use

of the only method of forced draught then known, namely,

that used on locomotives
;
on smaller boats, however, this

method was still employed to increase the draught.

The great utility of having some method whereby the

intensity of the draught could be raised and a good
combustion ensured at all times, had for a long time been
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recognised. Trials were made at an early date in America,

where the anthracite coal used necessitated a good draught.

Stevens tried various systems, from 1830 to 1850, of induced

and forced draught. In 1861 Isherwood fitted eighteen gun-
boats with closed stokeholds.

In 1866 the wooden frigates sailing under the American

flag had centrifugal fans blowing into the ashpans. In 1870

the Author proposed forcing air into the funnel in order to

obtain a good draught, i.e., to be able to burn easily up to

20 Ibs. of coal per square foot of grate under unfavourable

circumstances.

34. The Bourdon - Thierry System. Among the older

arrangements, that of Bourdon which was considerably

improved upon by Thierry may be mentioned. It was

tried in the French Navy in 1859, but had for its object

rather the improvement of the efficiency of combustion than

the creation of forced draught, properly so called. The

arrangement consisted of a ring of steam jets placed above

the fire-doors and blowing steam over the grate. The

stirring of the flame with the mixture of air, and the gases

resulting from the decomposition of the steam, rendered

combustion nearly complete before the hot gases were cooled

down by contact with the heating surfaces. M. Aurous

modified this system by causing jets of steam, arranged as

ejectors, to draw in a certain amount of air above the grate,

thus ensuring similar advantages to those obtained by forced

draught.

The Bourdon-Thierry system was used in France from

1860 to 1870, but was then abandoned in consequence of

M. Joessel having experimentally demonstrated that upon
return-tube boilers it diminished rather than increased the

thermal efficiency, and consequently the evaporative power
of the boiler.

The adoption of tubulous boilers in which the course of

E



66 MARINE BOILERS [CHAP.

the gases is generally short, gave rise to a new application

of the Bourdon-Thierry apparatus. In the Belleville boilers,

where, with a good natural draught, it was found difficult

to burn from 20 to 22 Ibs. per square foot of grate, with the

aid of this apparatus 26 Ibs. could easily be burnt. Jets of

steam were forced in in two places simultaneously, in the

funnel and above the grate. The need of economising fresh

water in the tubulous boilers led to the introduction of air

instead of steam.

SAVOIE.

BOURDON-THIERRY APPARATUS FOR FORCED DRAUGHT.

Front view. Longitudinal section through furnace.

Fig. 27.
Fig. 27A.

35. General Properties ofForced Draught. Forced draught
is now becoming daily more general on account of two

distinct and important results obtainable thereby, viz., firstly,

that the boilers can be worked at their maximum evaporative

capacity, sometimes, however, to their structural detriment,

and secondly, that losses due to the funnel are reduced

because, with forced draught, a larger proportion of the

total heat contained in the gases is capable of extraction

before they are discharged into the atmosphere.
The first trials made in the French Navy aimed at
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increasing the power. The attempts to increase the economy
of combustion are of much later date, and have been mainly

followed up in the mercantile marine.

36. Steam Jets in the Funnel. M. JoesseFs Trials. In

1869 and 1870 M. Joessel made some trials at Indret on

steam jets in the funnel, concurrently with two other systems

of forced draught, a fan in the funnel and the closed ashpit

system. His results with the fans do not call for any special

remarks, but the trials with the steam jets may be referred

to with advantage.

M. Joessel's experiments were carried out on a boiler with

14.53 sq. ft. of grate surface and a working pressure of 32 Ibs.

per square inch. The steam for the jets was taken from an

auxiliary boiler with the same working pressure as the main

boiler. The results are given in the subjoined Table :
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method of forced draught, but the advent of the tubulous

boiler prevented its realisation.

Steam could not be taken from the main boilers, and

although a donkey boiler for supplying the steam jets might

easily have been used on board, it does not seem to have

been applied practically, except in the case of the Hirondelle,

where an increase of 22 per cent, in the power of the engines
was realised.

37. Steam Jets in Ashpits. Niclausse Apparatus.

M. Niclausse tried, in 1896, a system of steam jets in the

ashpit. Two steam jets on the front of the boiler induce

a current of air. The arrangement is shown in Fig. 28,

and the results are tabulated below.

Grate surface, 11 '62 sq. ft. ; H.S., 561 '3 sq. ft. ; ratio, 1 to 48 -3.

Length of trial . . hours
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rounded by water, and measuring the water condensed,

conditions similar to those obtaining during the trials being

maintained.

When burning 40.6 Ibs. per square foot, the consump-
tion of steam was practically identical with that given by
M. Joessel.

A notable feature of the trials was the entire absence of

clinker
; only incombustible ash remaining. M. Niclausse

carried out his experiments with a view of the possibility

of applying this system to the navy. The experiments were

not pushed further, and the system of blowing steam into

Fig. 28.

the ashpit has never found favour on board ship. On land,

on the contrary, the system has been extensively used by
Meldrum and others, and by its means poor and hard coals

can be burnt with natural draught.

38 Air Jets in Funnel. The first proposals to use air jets

were negatived on the supposition that steam jets were much
more economical. There is, however, no foundation for this

supposition. Steam can, on account of its lower density,

compress to its own pressure a quantity of air equal to about

four times its own weight. There may also be an advantage
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in adopting a pressure for the air jets differing from that of

the steam, and therefore, for economic reasons, their use

may be advantageous.
When higher pressures came into vogue and forbade the

use of fresh water, an experiment was decided upon on the

Fulminant in 1875, and a preliminary trial was carried out

a year later on the Resolue.

The boilers of the Resolue were of the ordinary cylindrical

type, with a working pressure of 57 Ibs. per square inch.

The air-compressors were simple condensing engines con-

suming about 33.5 Ibs. of steam per horse-power. The jets

fitted to the base of the funnel had a constant cross section

of TV sq. in. per square foot of grate. The air-pressure rose

with the working of the engines; it varied from 2.12 to 10.2

ins. of water.

The figures in the following Table, which are per square

foot of grate per hour, have been calculated on the assumption
that the blowers required 33.5 Ibs. of steam per horse-power

hour :
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to inferior stoking. In order to compare air jets and steam

jets as a means of increasing the draught, account must be

taken of the amount of steam consumed at the same intensity

of combustion. This gives 65.3 Ibs. with steam as against

25.6 Ibs. with air for a combustion of about 41 Ibs. per

square foot of grate, and therefore the steam jet requires

2.5 times as much steam to produce the same result.

The result obtained on the trials of the Fulminant in

1881, with a combustion of 27.57 Ibs. of coal for 15.82 horse-

power of the fans per square foot of grate, agrees with those

obtained on the Resolue.

When comparing the effect of steam and air jets, the

fact must not be lost sight of that the use of steam requires

an expenditure of coal, which nearly doubles the consump-

tion, in order to make good the loss of fresh water.

39. Exhaust Fans in the Funnel. Until 1876 very little

attention was paid to fitting the draught-producing apparatus
in the funnel, which, from a working point of view, is a very
convenient arrangement. On the Sfax, although the boilers

were designed to consume 28.7 Ibs. per square foot of grate,

as a matter of fact, never more than 23.7 Ibs. of coal were

actually burned, and the use of air jets was abandoned.

Owing to the success of Mr Thornycroft's first torpedo-boats,

the system of forced draught with closed stokehold met with

such a favourable reception that all other systems were for

a time neglected. It was a long time before it was recog-

nised that this system, at its most effective rate of working,
is not suitable to large vessels with tubular boilers, and that

if kept within the necessary limits, it ceases to compensate
,. for the inconvenience attending its use. The tendency at

the present time is to revert to open stokeholds
;
this is a

return, after twenty years, to a less powerful but more

convenient method, to which the name of induced draught
has been given.
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Air jets may possibly be again adopted, but in the mean-

time a fan placed at the base of the funnel, and drawing
the gases through the smoke-box, is now frequently used.

This arrangement, though formerly suggested by Stevens,

was actually employed in 1876 on the La Bourdonnais by
M. de Maupeou, who does not seem to have heard of

Stevens' proposal.

M. de Maupeou tried a fan and jets of compressed air

at the same time on board the Bievre
;
he compared the

two systems by measuring the amount of work per square
foot of grate required for each to give the same depres-

sion in the funnel. His results are given in the Table on

page 76, from which it will be seen that the air jets con-

sumed more power on the Resolue than on the Bievre to

produce the same draught.

The trials of the Bievre show that a fan is more economical

for pressure of 0.6 in. and over, but that the air jets have

the advantage for pressures lower than 0.6 in. It is probable

that the fan is markedly superior to the jets at all draughts
when compressed air at high pressures, say of from 20 to

40 Ibs. per square inch, is used, as has been lately resorted

to in order to diminish the weight and space occupied by
the compressors. Under these conditions, air jets have

been found to be very costly on the Leger, the Levrier, and

on various vessels fitted with Belleville boilers.

By his experiments on the La Bourdonnais^ M. de

Maupeou established the inefficiency of fans in the funnel.

Finally, he tried forcing the air into a closed stokehold, and

found it more economical than the system of induced draught
in the funnel.

40. Closed Stokehold System of Forced Draught. Applica-

tion to Torpedo-boats. The closed stokehold system of forced

draught consists in forcing air, by means of a fan, into a

stokehold which has been closed, leaving the air no other
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exit than through the grates, and thence to the uptake.

Having already been tried in 1846 by Stevens, applied a

little later by a Dutch river steamboat company, and adopted

by Isherwood on his gunboats, this system was definitely

introduced into the Navy by Thornycroft as a sequence to

the introduction of the torpedo-boat.

In order to push the boilers of torpedo-boats, very much

higher draughts have to be employed than on the Re'solue,

which never exceeded in. of water for a combustion of,

at the most, 41 Ibs. per square foot of grate. From the

first Mr Thornycroft aimed at obtaining the same results

as realised on locomotives, which burn 144, 164, and even

225 Ibs. of coal per square foot of grate at a draught of 10

in. of water. Adopting a boiler of similar construction, he

forced in air by means of a fan until the pressure rose to 7

and even 8 ins. It was apparent, however, that this was

higher than was necessary. The closed stokehold system
has not in any degree the valuable features of induced

draught, as met with on locomotives, where the combined

effect of the induced draught and the influence of the speed
of the train on the supply of air to the ashpan varies directly

with the speed on the engine itself, and regulates the rate

of production of steam in direct proportion to its consumption.
The want of head-room in a torpedo-boat will not

permit of the very high furnaces that are used on loco-

motives, or a thickness of fire in keeping with the powerful

draughts employed. The very strong currents sweeping

through a thin fire cooled down the gases and carried with

them particles of burning coal instead of cinders. The

more violent the current of air the larger was the total

amount of coal put on
;

but the draught corresponding to

the maximum evaporative power of the boiler was often

exceeded. Little is known about the working of the fans

at this period, but 1*83 I.H.P. of fan per square foot of

grate would appear to have been reached and even exceeded.
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The reaction against the overworking of torpedo-boat
boilers has been slow in setting in. A combustion of 123

Ibs. of coal per square foot of grate per hour on board the

Temeraire, 130 on the Defi, and 154 on the Alarms has been

obtained with a consumption equalling 4.7 Ibs. of coal per

indicated horse-power, which is very nearly the consumption
of locomotive engines. The excessive consumption was

one of the minor objections to the uneconomical working ;

the principal objections were the frequent failures while

under steam, at the joints between the tubes and tube-plate,

and the rapid wear resulting from fatigue of the whole

boiler. Finally, the physical standard for stokers in the

Navy does not furnish men capable of standing the frequent

charging of the fires that is necessary with such a high rate

of combustion. Moderation is, consequently, a necessity.

Upon the fifteen 5o-ton torpedo-boats fitted with the loco-

motive boiler, which were tried in 1890-91, the combustion

did not exceed 72 Ibs. of coal per square foot of grate per

hour, though the air-pressure was still about 6 ins. Upon
six of the above boats which were built by M. Normand,
the maximum rate of combustion on the trials was between

53 and 63 Ibs. per square foot of grate with, at the most,

only 4 ins. of air-pressure. Under these conditions the

consumption of coal per horse-power was not more than

2.23 Ibs., and at times only 2 Ibs.
;
the fan power was about

1.3 HP. per square foot of grate.

A consumption of 72 Ibs. per square foot of grate per

hour is the limit adopted on the new torpedo-boats fitted with

tubulous boilers of the Du Temple or similar types. This

rate of consumption is obtained, while keeping the fires

thinner than formerly, with air-pressures below, or very

little above 2 ins. of water. Now it is generally pre-

ferred to run with thicker fires, using from 3 to 4 ins. of

water.

At Indret it is the practice to determine the allow-
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able air-pressure // in relation to the combustion by the

formula

( I0)
//= -00095 C 2

,

which gives 4.8 ins. for 71 Ibs. The trials at Indret are

usually on large vessels.

The following are results obtained from torpedo-boats :

Name.
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to increase the power of existing boilers, and to reduce to

about half the weights of the boilers in the boats then

under construction. M. de Maupeou, who played a pro-
minent part in the movement, examined carefully, as has

already been seen, the comparative merits of the different

systems put forward. He found that the closed stoke-

hold showed a marked economy over the other systems,
even when compared with a fan placed in the funnel.

This is shown in the following Table, taken from his

reports :

Systems of Forced Draught.
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outlets with double doors, and the uneasiness of the stokers

at being shut up in the closed stokeholds.

Emboldened by the success of these trials, the constructors

pushed the consumption up to 51 Ibs. per square foot of

grate. At the same time they abandoned the return-tube

boiler in favour of the direct-tube type, which is more

liable to failure, even at ordinary draught, and much less

capable of sustaining such high rates of combustion. To
this period belong the trials of the ironclads Hoche, Marceau,

and Magenta, on which the consumption was equal to 50

Ibs. of coal, the power required for the fans amounting to

0.27 H.P. per square foot of grate. Following these came

the trials of the gunboats of the Grenade type, in which

51 Ibs. of coal were burnt per square foot of grate, the

fans requiring 0.24 H.P., and in particular the trials of the

small cruisers of the Forbin type, upon which the combustion

was pushed up to 66 Ibs. at the cost of repeated accidents,

bringing about the rapid destruction of the boilers.

The three cruisers, Troude, Lalande, and Cosmao, may
be cited as examples of boats which gave, without any

mishaps worth mentioning, successful results on their trials.

The following are the data obtained from the trials, the

horse-power required for the fans being calculated from

their revolutions, which were 350, and the mean pressure

on the pistons, which was equal to 57 Ibs. :
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The gain in power and speed was as follows :
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stokers were incapable of realising it. The only salient

feature that remained was the complication introduced into

the service by the hermetic closing of the whole stokehold

by means of air locks and double doors. It is not difficult

to realise the bitterness with which the closed stokehold

system was characterised as a " diabolical invention."

At the present day, by an extreme reaction, the use of

excessive forced draught has been limited to torpedo-boats

and destroyers, and the maximum combustion for battleships

and cruisers has been fixed at about 30 Ibs. per square foot

of grate. The result of this is a loss of one knot in the

estimated speed of the cruisers Blake and Blenheim, while in

the French Navy, in order to maintain the same power for

the estimated weight of the boilers, or the same weight for

an estimated power, the extreme step was taken in 1892 of

abandoning the use of tubular boilers before it had been

definitely settled by what type of tubulous boiler they should

be replaced.

The French Navy at the present day has in use a large

number of tubulous boilers of limited or free circulation,

which, on account of the arrangement of their furnaces and

water-tubes, are not considered suitable for the employment
of very high rates of forcing. Tubulous boilers of accelerated

circulation, which are, on the contrary, capable of being

energetically forced, were until the end of 1895 used almost

exclusively in torpedo-boats. About this time the repeated

successful results obtained on small boats seemed to warrant

their trial on larger boats. Higher rates of forcing were

then more generally accepted, but out of prudence only such

rates as had been actually used on cylindrical boilers were

first tried, i.e. 36 Ibs. were obtained on the Jeanne d^Arc ;

34 Ibs. on the Chateau-Renault ; 44 Ibs. on the Jurien-de-la-

Graviere ; 46 Ibs. on the HEstrees and Infernet.

Far better results have been obtained, and that without

in the least compromising the safety of the vessel, than were
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originally laid down in the programme of December 1889.

The boilers of the Chateau-Renault have not up to the present

given rise to any anxiety when under forced draught.
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the furnace being higher than it is in the stokehold, the

fire-doors must be fitted in the passage leading the air from

the fans, in order that a certain proportion of the air

may be admitted through them above the grates. More-

over, in order to avoid the return of flame into the stoke-

Fig. 30.

hold, the draught must be interrupted (which is usually

effected automatically) each time a fire-door is opened.
The air feed is also usually interrupted when the ashpit

doors are opened, but this is merely to prevent an incon-

venient escape of air into the stokehold.

The closed ashpit system has been applied on several

F
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boats of the French Transatlantic Line. It was first applied

by M. Audenet, as shown in Fig. 30, rather with a view of

increasing the efficiency of the boiler than its power. The

grate surface was reduced by one -half; the intensity of

combustion was doubled by blowing in per pound of coal

two -thirds of the quantity of air that would have been

necessary with natural draught and the larger grate. All

the after part of the furnace thus became a combustion-

chamber. The gases were forced to pass through three

sets of tubes by means of special horizontal diaphragms.
The arrangement was tried on shore with success, but

when fitted on board the coasting steamer Mustapha, practical

difficulties were met with and the arrangement of forcing

the gases three times through the boiler was abandoned.

M. Daymard, M. Audenet's successor, has used the

closed ashpit system without reducing the grate area and

without specially lengthening the course of the gases.

He used, however, a special diameter of tube on some of

the boats, and particularly on the Touraine. At first

there was a good deal of trouble, due partly to the bad

quality of the tubes and partly to the want of experience

on the part of the personnel. The system has, however,

been retained and gradually improved till great regularity

of stoking has been obtained, and the life of the boilers

does not seem to have been diminished. Similar installa-

tions on smaller coasting vessels gave better results from

the very start, and these results have been maintained.

The ferry-boats on the Hudson use closed ashpits with

great success. Only a moderate rate of forcing is employed
sufficient to ensure complete combustion of the American

anthracite coal. The closed ashpit system is nearly always
used in conjunction with air-heaters, as in the Howden's

system. This system was first introduced into France on

the French Transatlantic boats.
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5. FORCED DRAUGHT AS A MEANS OF
INCREASING THE HEAT EFFICIENCY.

43. Forced Draught as a Means of Economising Heat.

Natural draught, considered as a means of imparting to the

column of gases the movement necessary to produce com-

bustion, forms a very uneconomical motor. Supposing the

gases to pass out at 522 Fahr. above the temperature .of

the air, the loss of heat is 2,400 B.T.U. per pound of coal,

exclusive of the latent heat of the steam contained in the

smoke
;

the only result obtained is a speed of 32.8 ft. per

second imparted to a weight of gas composed of 19 Ibs. of

air to i Ib. of coal 20 Ibs. of gas in all
;
the energy per Ib.

of coal is given by the expression

20
(11) | x- -X 32. 8

2 = 334.2 foot-pounds,
32.2

that is to say, 0.00017 HP., an expenditure of heat correspond-

ing to 0.15 Ib. of coal per hour. The expenditure of heat

per horse-power is therefore enormous. In other words, the

mechanical efficiency of natural draught, regarded as a means

of propulsion, is extremely small, practically //, and all that

can be otherwise used of the 18.9 per cent, of the total heat

lost in producing natural draught is a net profit.

The heat of the gases can be made use of in four different

ways :

1. By increasing the length of passage through the water.

2. By superheating the steam produced, by means of an

arrangement fitted to the boiler.

3. By heating the feed-water.

4. By heating the air necessary for combustion.

The water in the boilers, or the steam produced, cannot

cool down the gases much below 570 through a metal plate,
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since the temperature of steam at the pressures now in use

is very nearly 400. The various attempts made to superheat
the steam have always failed, even when the temperature
of the steam was only 250, due, no doubt, to the bad

conducting power of dry steam.

Audenet's arrangement for increasing the production of

saturated steam by lengthening the course of the gases

through the boiler has been abandoned. There remains,

then, only the heating of the water and the air, which, in

theory, would allow of the hot gases being cooled down to

about the temperature of the surrounding air. The hot gases
would be cooled down to the inlet temperature of the water

or air, while the air or water would be raised to the initial

temperature of the escaping gases. As regards the air, this

might be feasible, but with the water it is not advisable to

commence evaporation too early, as it might reverse the

direction of circulation in the feed-heater.

44. Feed- Water Heating. The weight of water evaporated

in a well-constructed boiler is equal, in round numbers, to

half the weight of the burnt gases, the specific heat of the

water being nearly four times that of the gases. Neglecting

radiation, the rise in temperature of the water in a feed-heater

would be equal to half the decrease of temperature in the

gases. This elementary reasoning shows that the heating of

the feed-water provides a means of utilising all the heat that

the gases can be deprived of, at the high pressures at present

in use, which allow of a drop in temperature of 270 or more

for heating the water. Theoretically, there is nothing to

prevent the gases being cooled below 212 and thus

condensing the steam.

Numerous attempts have been made to heat the feed-water

by means of the escaping gases. Indeed, in some recent

tubulous boilers, such as the Oriolle, Towne, Babcock and

Wilcox, etc., a coil has been fitted for this purpose, and
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forming an integral part of the boiler. The very first

Belleville boiler had a feed-water heater, and the latest

form of this boiler has a greatly improved apparatus of

the same kind. Generally speaking, the heaters have

been of small size, not very efficient, and have not

necessitated the introduction of forced draught. As long

as the temperature of the water keeps below boiling-point,

and the heater is not subjected to internal pressure, it may
be of very simple construction. There is a distinct saving in

even a slight heating of the feed-water, and the efficiency of

the boilers is increased by accelerating the formation of steam

bubbles whereby the general circulation of the whole boiler

is improved.
The heating of the feed-water by means of the escaping

gases has been tried by Ebenezer Kemp, of Glasgow, who
has given more attention to the subject than almost any other

inventor.

In constructing several boilers for the Clan Line, from 1879

to 1886, Mr Kemp used small coils as feed-water heaters,

having an area equal to one-tenth that of the heating surface

of the boiler
;

the gases were only slightly cooled, and the

natural draught, the only method employed by him, was

not in any way affected. The consequent heating, as the

temperature of the water was only raised 40 Fahr., hardly

paid for the cost of the installation.

In 1886, on the Bleville, built for a Havre firm, Mr Kemp
first made a serious attempt to solve the problem of

thoroughly cooling the escaping gases. He fitted feed-

water heaters, resembling small tubulous boilers, having
a collective heating surface double that of the boilers

themselves, and also an exhaust fan at the base of the

funnel.

A trial was made in Glasgow Harbour, with the result

that the escaping gases were cooled down from 1,040 to

356 = 684 Fahr., while the temperature of the water was
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raised 360 1 20 = 240 Fahr. The hot gases were therefore

taken at a very high temperature, and were discharged at

a temperature 236 above that of the incoming water; 3,283

thermal units were abstracted from the gases per pound
of coal consumed (20 x 684 x 0.24 = 3,283), of which 2,394,

at the most, were absorbed,

and 889 were lost by radia-

tion or conduction in the

heater.

Trials with natural

draught were made both in

harbour and at sea.

In harbour it was found

that 1. 1 8 Ibs. of coal per

horse-power were consumed,

being 14.9 Ibs. per square
foot of grate, a very good
result for a triple-expansion

engine working at 160 Ibs.

pressure. The hot gases
had an initial temperature of

644, which was reduced to

302 Fahr.

At sea, on a voyage from

Glasgow to Havre, the con-

sumption of coal was never

below 1.41 Ibs. per horse-

Fig. 31. power. The idea was, how-

ever, soon abandoned, as it was found that the heater

tubes became perforated, and that, owing to the formation

of steam chambers, gave out at the joints. The heaters

were first taken out, and subsequently the boilers themselves,

as without the heaters they were found not to be powerful

enough; they were replaced by larger boilers weighing as

much as the first and the feed-water heaters together.
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Mr Kemp then adopted a new arrangement. In 1888, on

the Caloric, forced draught on the closed ashpit system
was used. The feed-water heaters consisted of four small

cylindrical boilers, filled with water, and fitted with tubes for

the gases to pass through. The gases, after passing through
the lower group of heaters, returned through the upper one

prior to reaching the funnel
; they had an initial temperature

of 680, of which they lost 234 in the lower, and 207 in the

upper group, finally emerging at a temperature of 239 Fahr.

The water, on the other hand, circulated through the four

heaters successively, gaining about 36 Fahr. in each.

It follows, therefore, that the hot gases lost 2,017 thermal

units per Ib. of coal, of which 1,440 were taken up by the

water, and the balance, 677, was lost by radiation, the weight
of water and gas being taken as before.

The heating surface in the Caloric heater is, relatively,

rather greater than that on the Bleville, and the heating

surface of the boiler itself is considerably greater ; the

principal data in the two apparatus and results of the harbour

trials are given in the following Table :
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about 18 per cent. The working appears to have been

satisfactory. At the commencement it was reported that some

of the tubes showed signs of corrosion near the feed-water

inlet, which was in no way surprising, as the water at that

time was not purified in any way or neutralised by the

admixture of alkaline substances, and that mineral oil was

used for internal lubrication of the cylinders, and tallow for

the stuffing-boxes. The corrosion of the heater tubes, how-

ever, saved those of the boiler proper.

The weight of the heaters on the Caloric cannot have been

less than 57.4 Ibs. per square foot of grate, or, say, about one-

fifth of the total weight of the boilers.

Mr Kemp retired from practice in 1890, and died soon

after. Since then the application of his principle appears

to have been suspended, and the tendency is rather towards

the use of steam for heating the feed-water. It would,

nevertheless, appear as if a return were going to be made

to heating water by means of hot gases.

The best known application of this is in the Belleville

economisers described in Chapter XI. It is not merely a

case of a small addition of an apparatus to the boiler but of

a transformation of the boiler itself. The original heating

surface of the boiler was reduced roughly by two-fifths, and

additional surface S 1 was added, amounting to about two-thirds

of the remaining heating surface. So that roughly the com-

bined heating surfaces of boiler and economiser were about

the same as the original boiler surface. The ratio S1 to S in

the Belleville economiser is about four times less than in the

Kemp feed-heater, but, on the other hand, the temperature

of the gases entering the heater is much higher. Feed-

heaters were used on the Babcock & Wilcox boiler even

before the Belleville boiler, and they are also fitted on

the Montoupet boiler. On torpedo-boats with boilers of

accelerated circulation, steam feed-water heaters as intro-

duced by M. Normand, and described in Chapter XVIII., are
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largely used in preference to waste gas feed-heaters. The

steam used as the heating agent is taken from the receiver, or

from the auxiliary exhaust after it has done useful work.

But an economy is realised even if steam be taken direct

from the boiler, as it increases the rate of circulation and the

production of steam bulks at the lower end of the generating

tubes.

Feed-water heating is particularly advantageous when

using boilers with accelerated circulation. The practical

difficulties attending the use of this system on board large

ships has militated against its more general adoption.

Weir's system of injection feed-heating, as it acts as a

purifier of the feed-water at the same time, is being increas-

ingly used.

45. Howden's, and Ellis & Eaves' Forced Draught Systems.

In the apparatus used for heating the air prior to com-

bustion, very thin tubes are used, because they are not subject

to any pressure. The cooling of the gases and the heating
of the air must naturally be equal to one another, except for

the losses in the heater. As there is no limit to the degree
of temperature to which the air may be raised, so there is

nothing in theory to prevent the complete cooling of the

escaping gases. It would appear that water, owing to its

high conductivity, is infinitely better adapted than air to

abstract the heat from the gases, or in other words, that air

would require a very much larger heating surface to do the

same amount of work. This view is not, however, confirmed

by practice. With apparatus having the same heating
surface the temperature has been raised 180 with air, and

144 with water. At the same time, it is much more difficult

to ascertain the temperature of heated gases subject to

radiation than that of water.

The results of heating the air are somewhat complex



90 MARINE BOILERS [CHAP.

because the combustion of coal in hot air is much more rapid
and complete than in cold air.*

It has been asserted, with some appearance of truth, that

a rise of 180 Fahr. in the temperature of the air is followed

by one of 360 Fahr. in that of the fire, owing to the more

complete chemical combination
;
and further, by shortening

the grate, all risk of cooling prior to its reaching the tubes

is avoided.

Mr J. Howden has made a special study of the heating of

the air for combustion. He began in 1859 by utilising the

steam from the cylinders. In the process of condensing
steam by cold water there is a much greater loss of heat than

that which takes place by the funnel, and, up to the present,

no remedy has been discovered for this evil. In 1860

Mr Howden took out a patent for a condenser in which air

was used to cool the exhaust steam. This apparatus was

not applied to marine engines : it might, perhaps, be worth

a trial on locomotives on which water for condensing

purposes cannot be carried.

Mr J. Howden turned his attention to heating the air for

the furnace by cooling down the escaping gases. His

apparatus was successfully applied on the City of New York

in 1884, and the results were encouraging from the first.

He estimated that the temperature of the air was raised to

184 Fahr. on this steamer
;
on the Indiana, another steamer

of the American line, with a greater heating surface, the rise

appears to have been 270, while the temperature of the

escaping gases was 455 Fahr. Under forced draught 22.03

HP. per square foot of grate was obtained. The Illinois

and Pennsylvania have given similar results. Encouraged

by these successes, the company fitted a similar arrangement
on board the St Louis and the St Paul, Mr Howden under-

* The amount of heat produced by combustion, on the other hand,

diminishes as the temperature increases ; it becomes nil at a temperature

great enough to dissociate the products of combustion,
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taking with quadruple-expansion engines to give a consump-
tion of 1.23 Ibs. per I.H.P. per hour with 22 H.P. per square

foot of grate.

In the United States Howden's system is now employed
on all the vessels of the American Line, running on the

Great Lakes, and, as will be seen later, on a number of

warships.

During the past eight years the application of this system
in England has undergone considerable extension, in spite

of the adverse criticism encountered from those who, on

principle, oppose forced draught rather than the hot-air

system. The principal companies now using Howden's

apparatus are : the Cunard line, White Star line, Peninsular

and Oriental, Royal Mail Steam Packet, British India Steam

Navigation Co., Union Steamship Co. of New Zealand,

Lamport and Holt line, Allan line, Clan line, Glen line,

and the City line. Special mention should be made of the

Star line of New Zealand, where Mr Silley, the company's

engineer, has arranged an electric gear to indicate any
excessive rise of air-pressure.

The Admiralty instructed the Boiler Commission to

follow up the results obtained on the Saxonia, and in

consequence the system is being tried on the cruisers

Antrim, Roxburgh, and Devonshire, and also on the battle-

ship New Zealand.

Howden's system is employed in Russia, on the

Volunteer fleet, on steamers on the Don and on the Sea of

Azoff, and also on the Ermach-Waidannah line
;
in Germany

on the Hamburg-American line (in the Deutschland), and

also on the Hamburg South American line
;
in Austria on

the Austrian Lloyd and in Spain on the steamers running
into Barcelona, Bilbao, etc.

In France it has been applied by the Transatlantic Co.

on board their packet boats Lorraine, Savoie, Eugene- Pereire,

Duc-de-Bragance, Marechal-Bugeaud, and by several ship-
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owners in Havre and Bordeaux, viz., M. Grosos, M. le

Quellec, and MM. Maurel and Prom, on board their

vessels.

The above incomplete list will give some idea of the

importance of Howden's system. The large scale upon
which it has been adopted may be gathered from the fact

that the total number of vessels of all kinds fitted with this

system amounted in 1905 to 1,800.

The arrangement when fitted to cylindrical boilers is

shown in Figs. 32 and 32A, and differs very little from that

used on the Indiana in 1895.

Forced draught with closed ashpits is now employed.
Cold air is driven by a fan into the box A placed in front

of the boiler
;

it passes through the smoke-box B, which

has been suitably enlarged, where it circulates round a

nest of vertical tubes, through the interior of which smoke

passes ;
the air is made to pass evenly over all the tubes

by means of the baffles ee, the latest improvement intro-

duced into the system. The details of fittings, regulating
the supply of air to the ashpits and furnaces, have been

well worked out, and merit special attention.

The hot air is led to the different fires of a boiler by the

large casing CC, fitted to the front of the boiler. In this

casing the heating of the air is continued, and may ultimately

attain a temperature of 400 Fahr. The casing C communi-

cates with each closed ashpit D, by an opening fitted with

dampers R, and with each furnace by a smaller opening fitted

with a grid-iron valve S. The damper and grid-iron valve

can be worked by hand, and regulate the supply of hot air

above and below the grates. The dampers to the ashpit are

closed during firing. The back plate of the fire-door is pierced

with holes, and serves to distribute the air evenly over the

furnace. The back end of the grate is slightly raised when

a high rate of combustion, such as 60 Ibs. per square foot of

grate, is used. The whole arrangement is very simple, but
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it is, nevertheless, advisable when contemplating the applica-

tion of the system to new work to apply to Mr Howden direct

for designs and particulars. The results of trials have shown

that the adoption of the Howden system does not necessarily

mean a saving of coal. The subject was discussed before

the Institute of Marine Engineers, where a case was cited

of a line of steamers, which had employed the Howden's

system for a year on two of its boats that were running on

exactly similar service to two other boats having only

ordinary natural draught. The consumption on the boats

fitted with the Howden's system was 1.72 Ibs. per I.H.P.,

and on those with natural draught only 1.48 Ibs. per I.H.P.

On the French Transatlantic boats it is said that an

economy of from 6 to 8 per cent, has been obtained. The

results must vary considerably as do the results of all

consumption trials, depending as they do on the amount of

draught and the regularity of the stoking.

By the use of forced draught, when the rate of com-

bustion is doubled, the amount of air to be supplied

can be reduced by one-third. The excessive loss of heat

up the chimney is the only factor which affects the thermal

efficiency. If Howden's system can ensure a lower funnel

temperature, or at least an absence of rise of temperature,

a certain amount of economy ought to be realised by the use of

his system.

The great advantage of the Howden system is that it

enables marine boilers to take advantage of their aptitude

to stand forcing without injury. It enables a cylindrical

boiler having a total weight about equal to that of a certain

class of tubulous boilers, to produce as much steam with

forced draught as these latter do under similar conditions.

The inventor has also tried the use of liquid fuel with

this system. The fear of accidents which attends the use

of forced draught, has for a long time prevented owners

from adopting this system. A good deal of experience
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has now been gained with this system ;
but there have,

without doubt, been a good many cases of abnormal wear,

of burning of fire-bars, of buckling of fire-tube plates, and

of leaky tube joints. Careful and experienced firing is in-

dispensable.

The fans cannot with impunity be set to give 3 ins. of

air-pressure and the wheel of the stop-valve then removed,
as has sometimes been done, because if the dampers to

some of the furnaces are shut, the air-pressure in the

remaining furnaces may go up as high as 6 ins., but, after

all, the precautions which it is necessary to use to ensure

the proper working of the system are not really excessive.

An air-pressure of 3 ins., which appears to be about

the pressure most generally used at the entrance to the

air-heater A, is largely dissipated in the heater itself, and

the actual air-pressure in the ashpit is quite moderate.

The heating of the air to above 300 Fahr., which practically

brings it up to the temperature of the boiler casing, does

away with the danger of a rush of cold air into the boilers.

The rate of combustion is wisely kept down in actual work-

ing, and on the line to Algiers 33 Ibs. per square foot

is never exceeded.

As it is convenient to be able to control the production

of steam by the speed of the fans, more or less independently

of the condition of the fires, general opinion appears to

be that Howden's system ensures economy of combustion

combined with comfort to the engine-room and stokehold

staff. Thus, by the introduction of a simple system, a

similar revolution has, without undue risk, been effected

in the mercantile marine as was attained in the Navy
in 1893 by the introduction of the water-tube boiler, burn-

ing up to 25 Ibs. per square foot of grate.

The Howden System can be applied to water-tube boilers

as well as to cylindrical boilers. It has already 'been

adopted by the American and Dutch Navies. If it is to
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be fitted on the type of water-tube boiler that is unable to

stand a high rate of forcing, then the economy to be

attained will be limited to a saving of coal. The system
is especially adapted to those types of boilers which can

stand as high or even a higher rate of forcing, than

cylindrical boilers.

The best experience in this direction has been gained
with Yarrow boilers in the Noord-Brabant, which made a

run from Amsterdam to Botavia on a consumption of

2 Ibs. per I.H.P. The Friesland with the same type of

boilers, but without heaters, made the same run with most

unsatisfactory results from a coal consumption point of

view. When applying the Howden system to water-tube

boilers, whose casings are seldom tight, the closed ashpit

arrangement may, with advantage, be abandoned and the

closed stokehold system reverted to, the air inlet into the

boilers being arranged in close proximity to the fan dis-

charge.

The heating of the air does not necessitate its being
forced into a closed ashpit; it is quite easy to increase the

intensity of the draught by using an exhaust-fan at the

base of the funnel, which thus constitutes an induced

draught on a closed ashpit system. This is practically
the system brought out by Messrs Ellis & Eaves, of John
Brown & Co., of Sheffield.

The Ellis system was first tried on the shop boilers at

the works of Messrs John Brown & Co.
;

it was then

adopted on the Shire line, in the Perthshire, Buteshire, and

Banffshire, and on the Berlin, Southwark, and Kensington,
The results being such that it has since been adopted in a

large number of passenger liners and cargo boats, includ-

ing among others the North German Lloyd Steamers,

Koningen Albert, Rhein, Main and Neckar, the International

Merchantile Marine Co.'s Steamers Vaderland and Zeeland,
and the Hamburg-American liners Hamburg and Nassovia.
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As originally arranged, the Ellis & Eaves air -heating

apparatus comprised two separate horizontal tube boxes,

one on each side of the boiler, connected on the front by the

smoke-box, and having a common chamber at the back

connected to the fan. The hot gases passed outside the

tubes, having to take a somewhat complicated course round

four right-angled bends, while the hot air for the fires passed

through the tubes, having, on the contrary, a straight course.

It was found by experience that there were certain

objectionable features in this arrangement, and some years

ago improvements were introduced with the object of

increasing the efficiency, reducing the weight, the first cost,

and the space occupied, and the arangement as now fitted

will be clearly understood on reference to Figs. 33 and

33A.

This modification of the earlier arrangement consists in

the placing of a vertical tubular air-heater in front of the

boilers, through which the waste gases are exhausted by
the fan, the air of combustion passing on the outside of the

tubes, diaphragm plates being so arranged that the whole of

the surface comes into operation. The waste gases and the

air of combustion have thus a practically direct course, and

the drop in pressure is reduced to a minimun.

The air is heated to about 300 Fahr. and introduced into

the fires through furnace fronts in which dampers are fitted

so as to distribute the air over or under the grate in quantities

varying with the quality of the fuel used.

One fan now suffices to supply two, or even three

i6-ft. in diameter boilers. With a fan producing a vacuum

equivalent to 2\ ins. W. G. at the suction duct, it is possible

to burn 30 Ibs. per square foot of grate, and at this rate of

burning to obtain 23 H.P. per square foot of grate.

The results obtained on a year's working of the

Kensington, during which she crossed the, Atlantic twenty

times, the average I. H.P. per square foot of grate was 19,
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average I.H.P. per square foot of heating surface .596, the

coal burned per square foot of grate being 29 Ibs.

The Inchkeith fitted with cylindrical boilers having a steam

pressure of 260 Ibs., steam superheaters and the Ellis and

Eaves system, on a twenty-four hours' test in the North

Atlantic, developed 1,259 I.H.P. on a coal consumption of

.98 Ibs. per I.H.P., when burning at the rate of about 20 Ibs.

per square foot of grate.

The Ellis heater is fixed on the top of the boilers, and

is divided into two parts, separated on the front by the

smoke-box and at the back by the funnel
; the hot gases

which pass outside the tubes have therefore to take a some-

what complicated course round four right-angled bends. The
distribution of the air in the ashpit and furnace is similar to

Howden's, except that it can be controlled by separate dampers
so as to give more or less air over or under the grate, accord-

ing to the quality of coal used (Figs. 33 and 33A).

The advantages of the Ellis system lie in the general

convenience of the suction process, to which may be added

the avoidance of the injection of jets of very hot air into the

stokehold. The pressure in the air and smoke passages being

everywhere less than in the stokehold, the want of tightness

in the joints is unobjectionable, indeed some holes are

purposely left so as to create a draught in the stokehold.

The furnace and ashpit doors may be opened without

having to close any dampers, and by opening them the

intensity of the combustion is increased, thus compensating
for the cooler air admitted, therefore so the inventors

affirm the cooling of the boiler, during firing, is very

slight.*

* On this point stress might be laid on the results of a comparison
which was made at Brest, on a Godard boiler, between the draught with

closed stokehold and the closed ashpit system. With the latter, pressure

dropped 1 5 Ibs. on opening the doors
;

with the former there was no

change. As regards the flow of air to the furnace, Ellis's induced draught

has a similar effect to that of the closed stokehold.

G
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The drawbacks to Ellis's system are those inherent

to any system of induced draught, that is to say, a low

fan efficiency due to working in hot gases of a low

density, and in spite of the sudden cooling, of a less

specific gravity than the surrounding air. The air to be

heated has a tortuous passage round no less than nine

right angles and drops 3.54 ins. in pressure before reaching
the grate. While passing through the fire-grate another

0.35 in. is lost, and by the time the hot gases reach the

fan they have lost a further 0.55 in. Messrs Ellis & Eaves

obtain from the fan in their shop boilers a total pressure

of 4.5 ins., while developing 0.3 HP. per square foot of

grate. Marine boilers, it is true, with heaters more

advantageously placed, require a smaller draught, viz. :

3.46 ins. on the Berlin, 2.91 ins. on the Southwark, and

only 1.73 ins. on the Perthshire. The size of the fans is

large, viz., 7 ft. 6 ins. on the Berlin, and 8 ft. on the Shire

line. It is evident that it would be difficult to find room

for fans of this size at the base of the funnels of ironclads.

The principal objection to this system is the difficulty

of examining and maintaining the fans and their bearings,

which are exposed to the high temperature of the funnel

gases.

The Ellis & Eaves system has not been used on so

large a scale as the Howden system, although on those

boats on which it has been used it is generally well spoken

of, both from the point of view of economy and ease of

working. It has been fitted to about thirty -six cargo

boats, of which about twenty-one are English, nine American

and six German.

The Perthshire and the Buteshire have made several

voyages to Australia, burning from 25.8 to 31.1 Ibs. per

square foot of grate (or a mean of 28.45 Ibs.), while con-

suming 1.36 Ibs. per horse-power of the main engines. If

it be admitted that with the usual forced draught in closed
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stokeholds, and without any heating of the air, it is

necessary to burn 1.5 Ibs. to obtain 21 HP. per square

foot of grate, the saving effected in fuel by heating the

air amounts to about 15 per cent.

On the Berlin, Southwark, and Kensington, the consump-
tion per I.H.P. varies between 1.5 Ibs. and 1.7 Ibs. From

evaporative tests, an evaporation of 11.74 Iks., from and

at 212 Fahr., has been obtained.

Messrs Ellis & Eaves attribute a great part of the

saving effected to the use of Serve tubes.

Neither Mr Howden nor Messrs Ellis & Eaves have

given the weight of their respective heating apparatus.

The author calculated that, in 1894, for a heating surface

twenty-three times the grate area, it might be taken at

0.059 ton per square foot of grate on a boiler of the Du

Temple Normand type, exclusive of the fans.

From the above it will be gathered that forced draught
has been designed and applied in two totally different ways;
the one on warships, where the object is to develop the

greatest amount of power during a short time, the other

on mail steamers, where it is most important to use as little

fuel as possible during a long voyage. The different manner

in which the two problems have been solved might at first

sight appear to be in accordance with the circumstances

surrounding each case. When, however, the question of

weight, and also that of immunity from accidents which

is as important for warships as for the merchant service

has been thoroughly gone into, the solution arrived at

is not so satisfactory as would appear at first sight.

Supposing that an air-heater, which utilises about 10 per

cent, of the heat of combustion, reduces the consumption

per I.H.P. by 10 per cent. ;
then it is evident, that, for a

given amount of work, 10 per cent, will be gained on the

area of the grates, with a corresponding saving of weight
in the boilers when air - heaters are used. This saving
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will more than compensate for the extra weight of the air-

heaters as estimated above, should the boilers weigh more

than 0.59 ton per square foot of grate, which is the general
allowance in cylindrical boilers. In tubulous boilers, where

the weight is always less than this, and where it may
be as low as 0.32 ton, an increase of weight is unavoidable

when air-heaters have to be adopted.

If in a boat in the mercantile marine the saving in the

weight of fuel be taken into account, then a saving in

the total weight will result. On warships, on the contrary,

the use of air -heaters militates against running at slow

speeds with ordinary draughts, which is the usual rate

of steaming in service. If heaters are fitted, fewer boilers

will be under steam, but they will always be more forced.

It is this fact which makes the fitting of air -heaters to

ships of war a doubtful economy.

6. FIRING.

46. Work of the Stokers. Firing Tools. The main object

of the stokers, and by no means an easy one to obtain, is to

fire so as to maintain a uniform and constant thickness of

coal on the grate, which should bear a direct proportion to

the consumption per square foot. It is extremely difficult to

maintain this uniform thickness, especially on long grates,

and excessive inrushes of air will take place whereever

the coal happens to be a little thinner. The fireman's

motto should be "little and often." The relation between

the thickness of the fire and the consumption per square

foot of grate will regulate itself automatically, provided that

the charges are put on in an equal and regular manner.

The furnaces should be charged very quickly, as the

currents of cold air have a most pernicious effect, both on

the calorific efficiency of the furnace and the life of the

boiler.
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When stoking is properly conducted, all the furnaces

should receive as nearly as possible equal charges at equal

intervals of time
;

this is particularly necessary for the

water-tube boilers of the Belleville, D'Allest, and Niclausse

type, and the charges should be small and at frequent

j c

Fig. 34.

intervals. Thus, on the trials of the Friant, with Niclausse

boilers burning 25 Ibs. per square foot of grate, three or

four spadefuls, weighing about 30 Ibs., were put on the

fire at about two-minute intervals, each grate having an

area of 39.15 sq. ft. The better the stokers the thinner

Section on M N.

l_

|N
Fig. 34A.

the uniform thickness of fire they are able to maintain,

and the more uniform the thickness the better the distribu-

tion of air in the furnace. The mean thickness should

be from 4 to 6 ins., and increased as the intensity of the

Fig. 34B.

forced draught increases, but very good stokers will not

much exceed 4 ins. even at a high rate of stoking.

If the coal becomes caked at any part of the furnace,

combustion at that point ceases almost entirely, the total

combustion decreases, and repeated charging only tends

further to block the grate. The shovel is the stoker's
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principal tool, and the ability with which an experienced
stoker will handle it is remarkable, but is the result of a

long apprenticeship. The other tools, such as rake, lance

etc., used in cleaning the grates, need not here be

dealt with.

47. Cleaning the Grates. Self-cleaning Fire-bars. The

coal, when burnt, leaves behind it an incombustible residue,

composed mainly of silicate of alumina and other alkaline

silicates. The clinker collects on the bars, obstructing the

air passages, and needs removing at regular intervals,

varying according to the percentage of incombustible matter

in the coal being burnt. Removing the clinker is a

difficult operation and is generally performed about once in

every eight hours. In trials for coal consumption, great
care must be exercised in this operation.

Self-cleaning grates with movable bars have been used

in America to get over this difficulty, and apparently with

good results. In France, M. Moutte, Engineer-in-Chief at

La Ciotat, has fitted, on the cargo boats of the Messagerie

Maritime, self-cleaning grates, which after several years in

service, have given satisfactory results. Iron bars of the

usual pattern rest at either end on two separate dead-plates,

each of which carries one half of the bars. The dead-

plates are fixed at the two ends of an oscillating beam,
the movements of which raise alternate bars, whilst the

intermediate bars are lowered, and vice versd. The beams

being worked at the same time, the bars oscillate vertically

and parallel to themselves.

The Moutte grates, owing to the relative movements of

the bars, allow the cinders to fall freely. In order to get

rid of the slag, it is necessary to let down the fires and

allow the slag to cool off; but the cooling is less sudden

and less complete than in the ordinary method of cleaning

the fires, although the loss of coal is reduced. The economy
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of fuel with the Moutte grate, on the results of

a number of runs, appears to have been over

7 per cent, while the labour of the stokers

was considerably reduced.

The Moutte grate is now being tried on

board the Latouche-Treville.

48. Tube Cleaning. Soot on the heating

surface of the tubes is not less to be avoided

than clinker on the grate. Twenty-four hours

after starting, and then every twelve hours,

the tubes ought to be cleaned. On cylindrical

boilers a brush is passed down the tubes or a

jet of steam sent through them
;
this operation

is an easy, though a very disagreeable one on

account of the heat, especially in the case of

direct-tube boilers. On tubulous boilers steam

cleaning is almost the only feasible plan,

although it necessitates making up the fresh

water expended.

The Belleville and Niclausse boilers are com-

paratively easy to clean on account of the

arrangement of their tubes.

M. D'Allest has invented a tube-cleaner for

his boiler which carries out the work very

quickly. It is shown in Figs. 35, 35A, 356.

It consists of a single vertical tube with a large

number of horizontal tubes branching off from

it
;

these small tubes, by being rotated, pass

between the boiler tubes somewhat in the form

of a comb. A fine jet of steam escapes from

the end of each tube, and also from a long,

narrow slit down their sides (Fig. 356), and by
this means the cleaning is general and thorough.

The D'Allest apparatus, which works well and



IV.] TUBE CLEANING 105

is not liable to accidents, should be used on all horizontal

water -tube boilers. Unhappily the form of the tubes

precludes its use on boilers of the Du Temple type.

On the Du Temple boilers, with curved tubes, the brush

can only reach a certain portion of the tubes, and therefore,

to clean them completely, recourse must be had to steam

cleaning. The largest portion of the soot is carried towards

the chimney, but a certain portion of it always falls on the

lower drums, from whence its removal is a matter of some

difficulty. This difficulty of cleaning the tubes is one of

the most serious inconveniences inherent in this class of

boiler. If the boilers are only under steam for a short

length of time, then the tubes may be cleaned by a

powerful current of air. This is effected by utilising the

steam left in the boiler, after the fires have been drawn,

to work the fans, closing up the stokehold and then

quickly opening and shutting the fire and ashpan doors.

This method, employed with great success by M. Chevalier,

of Normand & Co., Havre, is a very strong proof of the

solidity and endurance of the boilers of the Du Temple

type. A similar operation would mean destruction to many
other types of boiler.

At Indret, a trial has been made on the boilers of the

Jeanne d Arc, of a steam tube-cleaner, the general arrange-
ment of which is similar to that of the D'Allest tube-

cleaner. It is a tube, having narrow longitudinal slits,

and is introduced lengthways into the nest of tubes to be

cleaned, and turned round so as to allow the steam jets

to play upon the different tubes. This apparatus has

given good results in the workshops, but it has yet to be

tested in everyday working on board ship ;
but an apparatus

fitted permanently in the centre of the nest of tubes is

ultimately bound to get burnt.

The necessity of providing tubulous boilers with some

safe, easy and effective method of tube -cleaning was
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particularly emphasised on the first voyage of a Dutch

cruiser, from Holland to India, when the coal consumption
of the Yarrow type boilers was two or three times that

which was anticipated, judging from the results of the con-

sumption trials. Such a result can only be explained by an

almost entire absence of any cleaning of the tubes during
the trip. The new Belleville boilers fitted with economisers

have not given in everyday work the results that were

expected of them. This is doubtless due to the difficulty

of keeping the economisers thoroughly cleaned. In several

cases, the beneficial results attending the use of liquid fuel

have been entirely vitiated by the rapid deposit of soot.

The only perfect solution of the problem consists in

preventing any deposit of soot. From the results obtained

with the Weir boiler, it will be seen that this desirable result

can be obtained with tubulous boilers having accelerated

circulation.

Some of the precautions necessary, when cleaning

cylindrical boilers, are given in Section 95.

49. Priming. Priming takes place by the juxtaposition

of the bubbles of steam, which become connected on the

surface of the water instead of bursting, and thus form a

sort of emulsion, half liquid, half gaseous, filling the steam

space and passing over to the cylinders. The old return-

tube boilers, especially those working at a low pressure,

were particularly liable to prime, although very steady in

other ways. Priming is due to two causes to an abundant

production of steam, and to the viscosity of the water.

A simple calculation shows that a cylindrical boiler, with

three furnaces, evaporating five tons of water per hour,

produces about 13,500,000 bubbles of steam of 0.078 in.

diameter under a pressure of 170 Ibs. per square inch.

Under these conditions the bubbles can disengage them-

selves from the water fairly easily, but at a pressure of
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57 Ibs. the number of steam-bubbles produced was nearly

treble the amount, and the slightest incident gave rise to

tumultuous ebullition. The sudden opening of the stop-

valves, or of the throttle - valve may often give rise to

priming by occasioning a fall of pressure in the boiler,

and consequently a greatly increased production of steam.

The best means of prevention are to give as large a

surface as possible for the disengagement of the steam, and

to raise the pressure, thereby reducing the volume of the

steam.

Great care must be taken that nothing of a soapy nature

finds its way into the feed water. The combination of fatty

acids, arising from the lubrication of the cylinders, with the

alkaline substances introduced into the feed-water, were for

a long time a source of constant danger. Boilers whose

interior surface had been coated with oil as a means of

preservation needed carefully boiling out before being put

into service. The introduction of mineral oils for lubrication

of the cylinders and valves was a great step in advance.

It enabled rates of evaporation to be realised on torpedo-

boats, which, under other circumstances, would have

emptied the boiler through the steam-pipe by excessive

priming.
The absence of soapy matters is not alone sufficient, and

certain sources of water-supply for this very reason must be

avoided.

The good effects arising from the use of mineral oil led

to the adoption of this substance as a preventive for

priming, and sufficient quantity was introduced into the

boiler to give a layer of about a sixteenth of an inch over

the whole of the surface of the water, in order, so to speak,

to filter the bubbles of steam and cause them to break and

leave their water behind. Be this as it may, mineral oil

in a boiler does not float for long, but sinks and forms a

brown deposit which is a very bad transmitter of heat, and
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dangerous to the heating surfaces, as has been noticed in

Section 82.

When, in spite of all precautions, priming does take place,

it is immediately noticeable by the disappearance of the

water in the gauge-glasses and the shocks or hammering that

follow in the cylinder. To avoid a breakdown in the engines,

the speed is reduced and all the drain-cocks on the cylinders

and piping opened. At the same time the fires are eased

down by shutting the ashpan doors, and even sometimes by

opening the smoke-box doors
;

but this last remedy is not

to be recommended. Once priming has commenced it has

a very pertinacious way of continuing, in spite of any
reduction in the rate of working ;

but by suddenly shutting

the main stop-valve the pressure is increased, which breaks

up the bubbles of steam in the steam space and restores the

water-level.

A sudden disappearance of the water-level ought never

to give rise to anything in the form of a panic. After open-

ing the feed checks to their full, one can easily afford to wait

patiently for a few minutes. On a return-tube cylindrical

boiler the furnace crowns may remain uncovered for nearly

ten minutes if there is any rolling, or say five minutes if the

vessel is steady, without fear of overheating. In a direct-

tube boiler, where the crown of the fire-box is more exposed
to the direct action of the flame, a critical temperature will

be more quickly reached.

Given that there were sufficient water in the boiler before

priming commenced, enough water will be left, even though
it be in the form of an emulsion, to prevent the plates over-

heating. The engineer can safely reassure his strokers, and

avoid, say for ten or fifteen minutes, drawing the fires, which

should only be resorted to as a last extremity.

Amongst tubulous boilers, those with limited circulation,

and those where the water-level is in the tubes, are especially

exposed to heavy priming, should, owing to a fall of pressure,
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the rate of evaporation be suddenly increased
; thus, it is

necessary to start the engines gradually when supplied with

steam from Belleville boilers. Tubulous boilers with accele-

rated circulation are much less liable to priming, especially if

the water-level is high in the steam drum.

50. Accidental Disappearance of the Water-Level. The Effect

of Rolling. If the water-level disappears from the gauge-

glasses without producing any shocks or knocking in the

cylinders, and more particularly if the time of its dis-

appearance is not accurately known, energetic measures

may have to be taken, and the fires drawn. It should be

borne in mind that the collapsing of the crowns of the com-

bustion-chamber in tubular boilers may lead to very grave

consequences for the personnel, and with tubulous boilers

the overheating of the tubes, though not so serious for the

stokers, is disastrous to the boiler itself. The accidents

that have occurred on torpedo-boats are very instructive in

this direction, and amongst them may be mentioned the

collapsing of the crown of a locomotive boiler on board

torpedo-boat No. 122, the complete destruction of the inner

row of tubes on board the Coureur, fitted with Thorny-
croft boilers, and a similar accident on board the Averne,

fitted with Du Temple boilers. The cause of the accident

in each case was found to be shortness of water.

Sometimes it is not the shortness of water that gives rise

to accidents, but the fact that the passages containing the

hot gasses have been lifted above the normal water-level of

the boiler, due to an alteration in the trim of the vessel.

Excessive rolling may give rise to this difficulty, and it is a

source of danger to which the engineer must be alive, more

especially as some vessels heel considerably when the helm

is put hard over
;

but moderate rolling or pitching which

causes the water-level to oscillate may, on the contrary, be

looked upon as a safeguard.
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51. Various kinds of Accidents. The form of accident to

which a boiler is more particularly prone, and the means

taken to prevent the same, vary with every type of boiler.

It is sufficient to state here that, in cylindrical boilers, the

furnace tube-plates and tube-joints are the most delicate

portions, and the most exposed to serious accidents.

Tubulous boilers are, on the whole, stronger, but they
need handling with greater care, and the accidents to which

they are exposed, though not so dangerous, are very

numerous, and sometimes difficult to repair. Thus it is

impossible to plug a tube while under steam.

Serious accidents are more likely to occur in the piping
than in the actual boiler, and their gravity depends very

largely upon the presence of mind of the stokers, since it is

often impossible, for want of time, to examine the cause and

give any orders. With a crew of experienced stokers, such

as is usually met with on trial trips, there is every chance

that the stop-valves will be shut down, should a rupture take

place in the piping, before the stokehold becomes filled with

steam.

If the leakage occurs in the boiler itself it may drive the

gases back through the fire doors or ashpan doors, and soon

render the stokehold unbearable. To overcome this, when

running under the closed stokehold system, the air-pressure

must be increased by increasing the speed of the fans, and

at the same time the safety-valve should be eased. Fire-

doors should be so arranged that, should a rise of pressure

take place in the furnace, they cannot open of their own

accord, and further, the ashpan door should always be made

to close automatically.

In case of leakages, either in the boiler or in the piping,

the only other general recommendations that may be

advanced here are to ease the safety-valves, to close the

main stop-valves, and not to abandon the stokehold with

heavy fires or an insufficient feed.
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52. Special Conditions of Firing on Trial Trips, and Length

of Trials. On official trials, where the rate of cumbustion is

as high as possible, and where the coal has to be burnt to

the best advantage, the employment of very skilled stokers

is necessary, and necessitates on the part of the engineers in

charge a practical training, which can only be acquired by

years of service. Objections have often been raised to these

excessive full-power trials, but they are nevertheless necessary
to prove what strain the machinery will stand, and in order

to establish a comparison under similar conditions. The

consumption trials, on the other hand, serve the purpose of

determining the probable consumption when in service. In

all consumption trials, whether at full speed or otherwise,

the coal is measured and put into sacks, and the quantity put
on the fire can thus be very accurately determined. The

duration of the trial, which should cease at a time when the

quantity of coal on the grate is precisely similar to that at

the commencement of the trial, is somewhat difficult to

determine with exactness
;
in fact it is impossible, even for a

very experienced judge, to determine exactly the quantity of

coal on a grate. On a grate with a thick fire no visible

reduction in the thickness is perceptible in six to eight

minutes, but, nevertheless, in a trial of four hours the amount

consumed in this time must amount to three or four per cent.

of the total consumption.

M. Joessel made use of the following method for

determining the length of a consumption trial
;
the principle

involved is sound enough, but its practical application is

not without difficulty. To start with, all the furnaces are

charged, which naturally gives rise to a fall in pressure,

combustion is allowed to continue, and the pressure rises

and remains stationary until such time as it again begins

to fall, and this is taken as the commencement of the trial.

Similar operations are carried out at the close of the trial.

The position of the dampers not having been altered, it
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is taken for granted that the moment when the pressure

begins to fall in the two cases indicates a similar condition

of grate. This hypothesis, however, does not take any
account of blocking of the grates.

In one of the colleges in America another method has

been advocated, which is sufficient for purposes of com-

parison. The fires are drawn at the beginning of the

trial, and the grate is recharged with a given weight of

coal and wood
;
the trial is then continued, and at the close

the fires are again drawn and the contents of the furnace

are weighed. The complexity of this method is sufficient

to rule it out of court for all practical purposes. The most

exact method of conducting accurate consumption trials

seems to be to adopt a regular and methodical system of

stoking prior to the commencement of the trial, charging
the grates regularly at stated intervals, so that the fires

may have thoroughly settled down prior to the commence-

ment of the trial. The trial is stopped at an interval of

time after the last charge, which corresponds exactly with

the interval between the commencement of the trial and

the charge immediately preceding it. By plotting the con-

sumption in the form of a curve while the trial is in

progress, it is easy to eliminate any irregularities which

may have occurred at the beginning or the end, and to

ensure that the rate of combustion corresponds closely to

the mean combustion throughout the trial.

This system of methodical stoking at stated intervals,

which was proposed thirty years ago by Rear-Admiral

Labrousse and then abandoned, seems to be coming more

and more into favour again, not only for consumption trials

but also when it is desired to obtain the best results from

the coal burnt.

53- Experiments on Mechanical Stoking. Numerous

attempts have been made to introduce mechanical stoking,
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with the object of getting a more regular combustion than

is possible even with the most methodical hand stoking,

and to obviate the heavy work entailed upon the stokers.

The most ingenious system amongst the many tried in the

French Navy was that where the grate was composed of a

number of endless chains known as the " Galle
"

system.

Chains were placed close together and kept in movement,
the coal was distributed evenly over the grate at the furnace

door end, and arrived at the bridge completely burnt. The

cleaning of the fires was also done automatically.

This system has been largely used for land boilers by
Messrs Babcock & Wilcox, and others. On the marine

type Babcock & Wilcox boiler a somewhat original

system of mechanical stoking was tried in May and June
of 1899 on board the Pennsylvania, a cargo boat of 10,000

tons, running on the Great Lakes. The following is a

description of the system (Figs. 36 and 36A) taken from

the Engineer.

The coal is contained in a hopper placed over a trough
fitted with an Archimedian screw. In its passage from

the hopper to the trough the coal is crushed between rows

of teeth, and is then conveyed along the length of the

furnace by the rotary movement of the screw. The

projection of the blade or thread of this screw diminishes

towards the rear of the furnace in order to reduce the rate

at which the coal travels in proportion to that at which it

is consumed and thus to maintain an approximately even

thickness of fuel on the grate. A second trough is arranged
around the one containing the screw, and into this air is

blown by a fan. The air escapes through two series of

openings, the one blowing over the coal issuing from the

trough and the other upon the coke at the sides of the

latter, and on the grates between them.

No air is blown into the ashpits, but only a small quantity

of steam, viz., the exhaust from the engine driving the

H
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stoker so as to prevent the adhesion of the clinker. This

involves a small loss of fresh water, which, being on the

lakes, is of no consequence. In case of accident to the

mechanism, hand-firing may be resorted to upon the grates
between the troughs.

Trials carried out under the superintendence of the

American Naval Authorities are stated to have been satis-

Fig. 36. Fig. 36A.

factory in every respect, the stokers being easily operated

and the combustion perfect. The application of the stoker

has not, however, been extended, and the contrivance has

yet to make its appearance on the high seas. It may
further be supposed that in view of the revival of the old

chain grate stoker, as fitted to the Babcock & Wilcox

boilers in the Paris Exhibition of 1900, the arrangement
used on the Pennsylvania has not since been adopted, even

on board the cargo steamers of the Great Lakes. The
fact still remains that the final result of all the trials of

mechanical stokers on board ship has been, in the end, a

reversion to the old methods of hand-firing.

Perhaps the solution of the problem of automatic stoking

will be found in the use of dust-fuel, i.e., coal reduced to

such minute particles (dust-fuel) as to form with the air

an explosive mixture. The jets of this fuel can be regulated

and distributed in the furnace as easily as those of liquid fuel.

This method has not yet been tried afloat, although a proved

success on land. The Wegener system has been largely
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adopted in Belgium, in Germany, and in some French works,

as, for instance, in those of Messrs Bariquand & Marre, Paris.

A marked economy of fuel is the main advantage obtained

on shore by the use of this system.
The application of powdered coal firing to marine work

presents some real and serious difficulties, mainly for the want

of room for the feeders and grinding plant.

There have been several systems of firing by pulverised

coal, but as far as England is concerned, only two, the

Schwartzkopff and Cyclone systems, have been used on any-

thing approaching a commercial scale. The chief difficulties

to be overcome have been the grinding and the moisture

contained in the coal. In all cases it is necessary to grind

the coal so that at least 80 per cent, of it will pass a sieve

having 8, 100 holes per square inch. If the moisture before

grinding exceeds 14 per cent, the coal will most likely clog

in the mill, and the coal must therefore be dried previous

to grinding, entailing extra cost and plant. Apart from this

difficulty, the arrangement should, theoretically speaking,

prove one of the most perfect systems of automatic stoker-

ing. Its application, however, entails alterations to the

boiler, sometimes of an expensive though not prohibitive

character.

The Schwartzkopff system consists of a hopper containing
the powdered coal above the furnace, one side of which

consists of a vibrating plate. Below this is a revolving
wire brush and hammer head, which latter strikes against

the vibrating plate as the brush revolves, and thus causes

some powder to fall on the brush, which projects it into

the furnace together with a small quantity of air. The
bulk of the air is admitted independently of this, and is

drawn in by natural draught. The furnace has all the

ordinary bars, dead plates, etc., removed, and in place of

these is lined entirely with fire-brick and provided with

a fire-brick bridge. The coal burns with a white flame, and
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the ash is mostly deposited in the flues, from whence it

can be periodically removed.

In the Cyclone system the front of the furnace is completely

closed in. The furnace is lined with fire-brick and provided

with baffles and a bridge, as shown in Fig. 37. The feeder

consists of a fan having a hopper above containing the

the powder which drops into a worm and is discharged by
it at a regular rate into the inlet of the fan. The supply of

air is regulated by means of discs over the inlet. The fan

mixes the coal and air, and discharges them through a flat

nozzle into the furnace. The worm is worked by means of

gearing off the fan spindle, so that a reduction in speed of

fan means a corresponding reduction in the coal supplied.

Two or three gears are provided so as to enable the rate of

feed to be varied, while the speed of the fan remains constant.

Both air and coal are thus independently under complete
control. Sight-tubes are provided to ascertain whether the

fire is burning properly. The powdered coal and air become

thoroughly heated on entering the furnace, and the heat

causes the volatile gases to be given off immediately, and

to ignite at a high temperature. The heat thus produced
raises the temperature of the remaining air and carbon,

and, as the solid carbon takes longer to burn than the

gaseous hydro-carbons, complete combustion is not effected

immediately, but continues during the progress of the gases

through the furnace and tubes. For this reason a certain

amount of the ash is carried on and deposited in the flues

as an infinitely fine and soft white dust.

As combustion is nearly perfect, and that with a very

small excess of air, a good evaporation and high efficiency

is the result. Neither Welsh nor Anthracite coal can be

easily used, but coal containing as low as 8 per cent, of

volatile gases, and even coke dust, has been satisfactorily

burned with an efficiency of 80 per cent.

Coal powder with 5 per cent, of moisture can be used,
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but certainly no more. The cost of grinding coal is given

by the makers as about 8|d. per ton.

One of the minor advantages of the Cyclone system of

feeding is, that if the draught is bad the fans force the

draught, whereas if the draught is good, they simply act

as mixers.

Another advantage of powdered coal is the almost entire

absence of smoke, as all the volatile matter, or smoke pro-

ducing elements, are completely burnt. A cheaper class of

coal can also be used. The longer the heating flues of the

boiler the better, as the greater the time allowed before the

gases touch the cold tubes or plates the better, otherwise

some carbon may be condensed and form a coke deposit.

This in horizontal smoke tubes is a disadvantage, especially

if the tubes are close to the furnace.

On a Lancashire boiler fitted with economiser, 87 per

cent, efficiency has been obtained. On a 14-foot economic

or dryback marine 80 per cent, has been obtained, which

might probably have risen to an efficiency of about 90 per

cent, had an economiser been fitted.

The following Table gives a few results obtained with

powdered coal firing :

Boiler......
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To start the fires lighted oily waste is put inside the

furnace, and the coal then admitted. The coal ignites at

once, and in five minutes the full fire is on. It can be

stopped instantaneously, but unless air is allowed to pass

through the furnace, the heat absorbed in the brickwork will

be given off and steam still generated. This is useful for

retaining steam when banked for the night.

There is practically no danger from explosion, or

spontaneous combustion when using coal in the powdered
form any more than exists with ordinary coal dust. It is

only explosive if mixed with the necessary air and heated

to over 150 Fahr., when the volatile gases begin to be given
off. The same care and precautions must, however, be used

as with gas firing.

Poxvdered coal does not deteriorate to any extent in

thermal value in consequence of being ground into a fine

state. When kept for one year the loss in B.T.U. was just

over i per cent., due to a loss of 8.6 per cent, in volatile

combustible.

There would be little difficulty in the adoption of this

system afloat if the coal could be put in the bunkers already

pulverised, and if it could be handled on board in this

state. It is, unfortunately, necessary to carry the coal in

the ordinary form of lumps on account of its liability to

form an explosive mixture when in a powdered state, and

it is therefore essential to pulverise the coal immediately

preceding its combustion. This entails an extensive outfit

of machinery, crushers, screens, conveyers, elevators, etc.,

in addition to the blowers, and turns the stokehold into

a veritable machine shop. However this may be, the

advantages to be expected from mechanical stoking on

board ship outside the questions of economy and smoke

prevention
- - are so great that its disadvantages may

perhaps be tolerated at some future date, especially on

liners where the firing is regular and continuous, and where



120 MARINE BOILERS [CHAP. iv.

all the boilers have to work at their full power, thus

necessitating arduous and continuous labour on the part of

a numerous personnel.

After repeated trials at sea all the various systems
of mechanical stoking have had to be abandoned, and

the human stoker with his shovel and rake again
installed.



CHAPTER V.

LIQUID FUEL.

Specially writtenfor this Edition by Engineer-Lieutenant H. C. Anstey, R.N.

54. Early Experiments. Under the heading of Liquid
Fuel may be included all the compounds of carbon and

hydrogen which are fluid at ordinary temperatures, or

which may be easily rendered fluid by the application of

heat. Of these, however, the vegetable and animal fats

and oils are not obtainable in sufficient quantity, and are

in demand generally for other purposes, and, since they
would only be used as fuel in exceptional circumstances,

they need not be further considered. There remain the

mineral hydrocarbons, of which petroleum is the chief;

but shale oil, which is produced by the distillation of

bituminous shale
;

tar oil, which is a bye-product in the

process of distillation of coal gas ;
and blast furnace oil, a

similar product from blast furnaces, are also used as fuel.

Some of the earliest experiments in this country in the

burning of liquid fuel were carried out with tar oil by Mr.

Holden on some locomotives of the Great Eastern Railway.

Nearly forty years ago some experiments were also carried

out by the British Admiralty with tar oil, but though the

results of these latter experiments appeared to have given
satisfaction at the rates of combustion required in the

service at that time, the experiments were not continued,

possibly because it was thought that on account of the

uncertain supply of this fuel and its high price, the

advantages which it possessed over coal were not such as

to warrant even its partial adoption.
121
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About this time also a steamer was fitted to burn tar

oil, and a report of a trial run on the Clyde appeared
in the North British Daily Mail of the 24th April

1868, but the details of the system are not given. It is

interesting to note, however, that in those days liquid fuel

was spoken of as the fuel of the future, a prophecy which

is still repeated, but which is not likely to be fulfilled until

the production is very largely increased.

Of recent years, however, the world's production of

petroleum has been increasing steadily, and, in view of

the many advantages of liquid fuel as such, the problem
of burning it in the best possible manner for generating

steam in a boiler has been forced upon the engineer.

The fact must not be lost sight of that, even at the

present time, the production of petroleum throughout the

world is only about three per cent, of the coal production,

and that therefore the use of liquid fuel for power purposes

is necessarily limited, and it cannot be expected to supersede

coal except under special conditions. It has, however,

possibilities as an auxiliary to coal for marine purposes by

adapting the boilers either to burn oil or coal alternatively,

or in conjunction.

55. Advantages of Liquid Fuel. These advantages arise

first from the higher calorific value of the oil over coal, so

that a less quantity of it may be carried for a given radius

of action, or conversely the same weight of oil will give an

increased radius of action
;
and secondly, the use of a liquid

fuel is at once a solution of the problem of mechanical

stoking.

In the case of a merchant steamer the reduced bunker

capacity required when burning oil gives an increase in the

carrying capacity ;
in the case of a war vessel the increased

radius of action given by oil over an equal weight of coal
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should give that vessel undoubted superiority over a similar

vessel carrying coal.

The mechanical stoking of coal has not been seriously

entertained for marine purposes, as, principally on account

of limitations of space, the difficulties of arranging satis-

factorily for the mechanical conveyance of coal appear to

be almost insuperable. With oil, however, not much extra

space is required for the fittings necessary to deal with the

oil, and they can be arranged readily in the space provided

for stoking, while there is no difficulty at all in transporting

the oil unless it be at low temperatures, as at those tempera-

tures, it becomes too thick to be pumped. Practically all

the oils, at present being used as liquid fuel for marine

purposes, remain sufficiently liquid at all ordinary tempera-

tures, though sometimes it is considered desirable to fit

steam-heating coils in the storage tanks.

The advantages which follow directly from the satis-

factory solution of the problem of mechanical stoking will

be readily apparent. In the stoking of coal by hand on a

marine boiler we are dependent very largely on the skill of

the stoker in order to ensure that we get the full value out

of the coal
;
the amount of manual labour also is consider-

able, not only in shovelling the coal into the furnace, but

also in trimming it from the bunkers into the stokehold. In

the case of oil burning, though a certain amount of skill is

required in the adjustment of the oil
"
burners," so as to

give the best result, they continue to work with little or no

attention so long as the conditions remain the same ;
the

labour, also, is reduced to a minimum as compared to that

required in stoking, and trimming is entirely done away with.

The frequent cleaning of fires is also obviated, thus enabling

boilers with oil-burning appliances to maintain their full

output of steam. For a ship of war this advantage is of

the utmost importance, as it not only enables her to main-

tain her maximum speed for prolonged periods, but also
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relieves the stokers of very trying work, especially in hot

climates. In long-distance steaming it is the endurance of

the stokers which measures the speed of the ship.

Other advantages of liquid fuel over coal are : it is

possible to raise steam more rapidly, though this is to some

extent dependent on the type of boiler employed ;
it is

possible to increase the output of the boiler more rapidly as

the oil is burnt as soon as injected into the furnace, and has

not to be subjected to a process of comparatively slow distil-

lation as in the case of coal
; re-bunkering at sea is a much

more simple and easy matter with oil than with coal
;

the

absence of coal dust and ashes, and therefore less wear and

tear of the machinery in the stokeholds
;

oil does not de-

teriorate as coal does by storage, this quality is of special

value on foreign stations, where the coal obtainable is often

small and of very inferior quality, the former resulting in

loss by the dust falling through the grate bars, and the

latter necessitating frequent cleaning of fires
;
and finally,

there is a great saving in labour, and a consequent
reduction in the personnel.

55A. Petroleum Briquettes. Attempts have been made

with more or less success by several inventors to solidify

petroleum for use as fuel. Experiments, however, with

petroleum briquettes have not generally been satisfactory,

but even had they been so, it is difficult to see what

advantages would be gained. On the contrary, when

petroleum is solidified most of its advantages over coal

disappear, leaving only the advantage of higher calorific

value.

56. Sources of Supply. Petroleum is found in practically

every country in the world, but in a few districts only in

sufficiently paying quantities. Until recently the oil fields of

the Russian Caucasus and of Pennsylvania, U.S.A., supplied
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the bulk of the oil for the world, but in the last few years

oil has been produced in Roumania, Galicia, California,

Texas, Borneo and Burmah, and in smaller quantities in

several other countries. Oil has been distilled from shale

in Scotland for many years, and the shale oils are very

suitable for liquid fuel, but, unfortunately, the supply is not

large, and the price is comparatively high. The liquid fuel

which would be used in any particular country would depend

upon the position of the country relative to the nearest oil-

fields, and the facilities for transport from those fields.

Thus, though the Russian fields are nearest to this country

of those that produce fuel oil in considerable quantity, the

cost of transport is such that the use of liquid fuel from

Russia is commercially impossible. The opening up of the

oil fields of Texas, which are more favourably situated, in

relation to the coast, has made it possible to put this fuel oil

on the English market at 355. to 405. a ton, or a little more

than one-half the price of the Russian fuel oil "Astatki."

Even at this price, oil fuel is considerably more costly to

burn than coal, so that its general adoption in this country
is not a matter of the immediate future. Its advantages
for certain purposes are so great that they may reasonably
be considered to balance the extra cost, and therefore its

use in a limited sense is assured. In countries which have

a natural supply of oil fuel, the conditions are of course

different. Liquid fuel has been in use in the steamers on

the Caspian Sea since 1870, and is now used there almost

exclusively. Since the development of the Californian oil-

fields, several steamers trading from Californian ports have

been fitted to burn oil, and the performance of one of these

will be referred to later. The opening up of the oil-fields

of Borneo has enabled liquid fuel to be sold comparatively

cheaply at Eastern ports, but on account of the cost of

transport the use of Borneo oil is likely to be confined to

the East.
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57. Properties of Petroleum. The petroleum, as it is

obtained from the earth, is a dark-coloured fluid, generally

mixed with water and earthly impurities. This is the crude

oil, and when the production is greater than the facilities for

refining, the crude oil is often exported for use as fuel.

After the water and earthly impurities have been allowed

to settle, the oil is subjected to a process known as fractional

distillation. The oil is placed in a still, and its temperature

is raised to a certain pre-determined point ;
after the distillate

has been collected the temperature is raised to a further point.

The extent to which this fractional distillation is carried

depends upon the character of the crude oil, but generally

the successive fractions comprise oils which may be classed

under the heading (a) Light oils or petroleum spirit ; (fr)

Illuminating oils
; (c) Lubricating oils. The residue which

is left after the lubricating oils have been extracted is only
of use as fuel

; though it will be understood that, in certain

cases, it may not pay to take the distillation beyond one or

two of the above stages.

The Russian oils leave a comparatively large percentage

of residue (Astatki) ;
on the other hand, the Pennsylvanian

oils give only a small residue. Texas oil again gives a

rather large residue, and in this case the distillation is not

usually carried beyond the lighting oil stage, as the quantity

of lubricating oil which it contains is said to be insufficient

to pay for its extraction. In Russia, Mazut is often used as

fuel. Mazut is the crude oil which has been stored for some

time in open reservoirs, and has lost thereby some of its

more volatile constituents. Naphtha is another term applied

to Russian liquid fuel, and is generally understood to mean

the residue after the illuminating oils have been extracted.

The chemical properties of petroleum require a treatise

in themselves.*

* For a full account, together with an explanation of the various methods

employed in the distillation, the reader is referred to the valuable treatise

pn
"
Petroleum and its Products," by Sir Boverton Redwood.
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It is sufficient here to note that the hydrocarbon

compounds of which petroleum is composed consist of two

main series, which are represented by the general formulae

C H 2 ,
which is called the define series, and Cn H 2 +2,

which is called the paraffin series
;
there are also naphthenes

represented by C H 2 6+H 6 (which are isomers of the

olefines), and benzines represented by C H 2 6 and several

other series. The olefines begin with # = 2, giving C2
H

4

(olefiant gas), and the paraffines with =i, giving C H
4

(marsh gas). These gases are given off in more or less

quantities when the crude oil is drawn from the well, and

they are especially abundant when the wells are of great

depth, as is often the case in the Pennsylvanian oil district.

This natural gas issues at considerable pressure, and is

collected and distributed for lighting and power purposes.

The members of these series are gaseous for low values of

,
and in the paraffin series from = 5 to # = 26 they are

liquids, becoming denser and less volatile with the increase

in the value of
,
and at about # = 27, and above they are

solids. Their boiling points increase in arithmetical pro-

gression as n increases, the difference being 20 C (68 Fahr.)

for each step in the series. Thus C
8
H

18 boils at 117 C

(243 Fahr.), while C15
H

32 boils at 257 C (463 Fahr.). The
crude oil and the various distillates consist of many members

of these series chemically combined, but in the Russian oils

the naphthenes, and in the Pennsylvanian oils the paraffines,

predominate. It will be seen, however, that, of whatever

members of the series the oil is composed, the proportion

of carbon to hydrogen is almost constant, that is, it is

practically independent of the value of n, and this explains

why very little difference is found in the calorific value of

petroleum oils. Such difference as is found to exist is

generally due to a small percentage of oxygen or some
mineral impurities, of little or no calorific value (e.g.

sulphur), which are often present.
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The following are some typical analyses of fuel oils :

TEXAS CRUDE
Carbon

Hydrogen

Sulphur

Oxygen

Specific gravity . .
-

BORNEO CRUDE
Carbon .

"
.

Hydrogen . . .

Water ......
Nitrogen, Sulphur, and Ash

Or after removal of water

Carbon ....
Hydrogen ... . .

Specific gravity . .

*

ASTATKI
Carbon . . -. .

_

.

'

Hydrogen . . .

Oxygen ....

Specific gravity .

84.6

10.9

1.63

2.87

IOO.OO

0.924

86.7

10.7

2-5

traces

88.9

u.o

0.96

86.6

12.3

i.i

IOO.OO

0.94

The calorific value of the above samples calculated by

Dulong's formulas would be :

TEXAS . . .

BORNEO (omitting water)

ASTATKI

19,480 B.T.U.

19,720 B.T.U.

20,100 B.T.U.

These values are confirmed fairly well by actual measure-

ments in a ''bomb" calorimeter, and also in practical

experience.* As a general rule, the calorific value of

* That is to say if trials be carried out in the same boiler under exactly

similar conditions, but with different oils, the evaporation per Ib. of the

several oils will be found to be proportional to their calculated calorific

values.
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petroleum liquid fuel does not vary greatly from 19,500

B.T.U., which is about one-third greater than the best

Welsh coal. The calorific value of the tar and blast

furnace oils are somewhat less than the petroleum oils.

It has been found that if distillation is carried on at a

temperature higher than the normal boiling point (either

by distilling under pressure or allowing the condensed

distillate to fall back into the highly heated residue in the

still) that the comparatively heavy oils undergo dissociation

into lighter hydrocarbons of lower boiling points.

This phenomenon is known as "cracking," and is

invariably accompanied by a deposit of carbon.

We shall have occasion to refer to it again in discussing

the conditions of combustion of liquid fuel (section 60).

58. Flash Point. The temperature at which oil when

slowly heated gives off vapour in sufficient quantity to

produce a momentary flash on the application of a flame, is

called the " flash point" of that particular oil. If the oil is

heated in a closed vessel for the determination of this point

it is called a " close test," while if the vessel is open, it is

called an "open test." In the same oil different results

will be obtained by the two methods, and it is possible also

to obtain different results by the same method by varying
the conditions. The flash point is therefore an arbitrary

test, but, if carried out under fixed conditions, it forms a

reliable method of comparison of various oils as regards the

proportion of the lighter and more volatile hydrocarbons
contained in them. The extent to which these lighter

and more volatile hydrocarbons are present determines

the amount of vapour which will be given off under certain

conditions, and thus the flash point gives indication of the

relative amount of risk involved in the storage and handling
of different oils. In this country the close test is generally

adopted, and the instrument for determining it is the " Abel."

i
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tester, or some modification thereof. The Abel tester is

used in connection with lighting oils, but the "
Pensky-

Martens
"

modification is more suitable for testing liquid

fuel of fairly high flash point.

The principle of both instruments is the same. Oil is

heated in a metallic cup having a closely fitting cover, which

has holes in it
;

these holes can be covered and uncovered

by a slide. The oil-cup is surrounded by a water-bath or

air-space to ensure that the heating shall be gradual and

uniform. On the cover of the cup is placed a small flame,

which can be tilted by moving the slide, bringing the flame

through a hole in the lid to the space below. Two thermo-

meters are used, one in the water and one with its bulb just

covered by the oil. The test flame is applied once for every

rise of one degree in the Abel instrument, and when the

flash takes place the temperature of the oil is taken as the

flash point. The open test gives a flash point about 20 or

30 Fahr. higher than the close test.

A knowledge of the flash point of a liquid fuel is essential

to the consideration of its suitability for marine boilers. As
a general rule, crude oil has a low flash point, occasionally

below the freezing point of water
;
more frequently at about

ordinary atmospheric temperature ;
when obtained from near

the surface of the earth it may have a flash point up to

300 Fahr. An oil having a flash point below ordinary

atmospheric temperature is too dangerous to carry as fuel

under ordinary circumstances. For a warship this point is

of far more importance than in a merchant steamer, as, in the

event of fire or explosion, more serious consequences would

ensue. Moreover, in a warship, on account of limitation of

space and intricate sub-division of compartments, there is a

greater possibility of the collection of inflammable gases. The

Admiralty have fixed 200 Fahr. as the minimum flash point

of the oil to be carried as liquid fuel, while the rules of

Lloyds' Survey require that in ships coming under their
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rules carrying liquid fuel the flash point must not be less

than 150 Fahr. and the American Navy Liquid Fuel Board

recommend 175 Fahr. Even with oils such as these vapour

may be expected to form, but not in sufficient quantities to

be dangerous if the tanks containing the oil are properly

ventilated. The danger incurred in the storage of low flash

point oil is exemplified in the explosion which caused the

loss of the s.s. Progreso at the Works of the Fulton Ship-

building and Engineering Company, San Francisco, on 3rd

December 1902.

At the time of the accident the vessel, which had been

undergoing alterations necessary for fitting her as an oil

carrier and burner, was having steam raised for a trial,

and the fuel tank contained about one-sixth of its volume

of oil. When the explosion occurred, the top of the fuel

tank was forced upwards, and the ship's sides outwards,

thus breaking the vessel in two at that point, causing the

death of twelve persons, and injuring seriously ten others.

From the evidence taken after the accident, it appeared
that the oil in the fuel tank contained 3^ per cent, of low

grade gasoline (petroleum spirit), and 6| per cent, of other

distillates
;

it had a flash point of 85 to 101 Fahr., and a

burning point of 138 Fahr., with a specific gravity of 0.917.

The actual cause of the ignition of the gas given off

by the oil was not ascertained, but it seemed to be established

that the oil had been mixed with a lighter oil to make it

flow more easily, that lighted forges had been in use between

decks, and that hot rivets had been driven into the hull

that morning in the vicinity of the fuel tank.

59. Ventilation and Storage. The nature of the ventila-

tion required depends to a large extent upon the method of

storage. In an ordinary merchant steamer fitted to burn

liquid fuel, a part of the hold would be appropriated and

sub-divided by transverse bulkheads into tanks of convenient
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size. A longitudinal bulkhead would generally be fitted

to minimise the effect on the stability of the ship caused

by the movement of the liquid fuel in the tanks when the

vessel is rolling. A coffer-dam would also be fitted, not

less than 2 ft. in width, at each side of the fuel space,

which would generally be kept empty and well ventilated,

so that at any time the state of the confining bulkheads

could be ascertained. This coffer-dam also serves to prevent

any leakage into the hold space or machinery compartment.
If warships are built in the future to burn oil alone,

some similar arrangement would probably be necessary.

The storage of liquid fuel in side bunkers, as in the case of

coal, would be open to many objections, the greatest being

probably that it is very undesirable to have the fuel above

the level of the furnaces, unless the fuel-bunkers are

separated from the stoking spaces by a coffer-dam or air-

space. This coffer-dam or air-space, if arranged along the

longitudinal bulkheads, would mean considerably more

waste of valuable space than if arranged transversely, and,

moreover, the chance of a shot penetrating both the trans-

verse bulkhead and the coffer-dam would be greater.

It would appear, therefore, that the arrangement of com-

partments of a warship to burn liquid fuel alone would

differ materially from the present arrangements with coal.

Up to the present time, in large war-vessels, liquid

fuel has only been used as an auxiliary to coal, and

sufficient storage room is found for it in the double-bottom

compartments. Probably from 400 to 600 tons could be

carried (according to the class of ship) if all the double-

bottom compartments were utilised for this purpose, but

some would generally be reserved for the reserve feed-water

for the boilers, as well as empty compartments between

the oil and water tanks to ensure that no oil can leak into

the water compartment, and thence be pumped into the

boilers. The quantity stated above could be increased
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readily, to give the equivalent of the normal coal-

carrying capacity, by increasing the depth of the double-

bottom compartments, but from the point of view of the

naval architect, this would be a doubtful expedient. The

carrying of so large a quantity of fuel low down in the

ship would affect seriously the range of stability in the

fully laden and light conditions. If the ship were designed
to give a normal range of stability in the light condition

the metacentric height with tanks full would be increased

to such an extent as to make the ship a very unstable gun

platform. If, however, the ship be designed to have its

normal range of stability in the fully laden condition, the

stability would be endangered in the light condition. It

is true that the latter circumstance could be obviated by
the admission of water ballast as the oil fuel is used, but

this again has the disadvantages that it necessitates carrying

useless weight about with the ship, and also it is improb-
able that the water would be entirely removed from these com-

partments, without considerable trouble, when it is desired

to fill them again with oil, and the mixing of water with

the oil operates very adversely in the burning of the latter.

As regards ventilation, in a merchant steamer with

storage tanks of fairly large capacity probably several

supply and exhaust pipes would be fitted to each compart-

ment, they are taken well above the upper deck and their

open ends protected to prevent any debris falling into the

tank. An expansion trunk is sometimes fitted to prevent

any appreciable pressure head coming on to the top of

the tank, and ventilating pipes may be connected to it.

Where the fitting of an expansion trunk is impracticable as

in a double-bottom compartment, care should be exercised,

in filling, to leave sufficient room for the expansion of the

oil due to any subsequent rise of temperature. About five

per cent, of the capacity of the tank is a usual allowance.

When oil is stored in the double-bottoms a single ventilating
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pipe of comparatively small diameter will probably suffice

for each compartment, but the compartments under boilers

should receive special attention to ensure the ventilation being

adequate. The pipes should be under protection as far as

practicable, and carried to some distance above the upper deck.

The following extracts from the " Rules of Lloyds'

Register" for vessels burning and carrying liquid fuel,

bring out the above and several other points :

"Each compartment must be fitted with an air-pipe

always open discharging above the upper deck. Efficient

means must be provided by wells and sparring or lining to

prevent any leakage from any of the oil compartments coming
into contact with the cargo or into the ordinary engine-room
bilge. The pumping arrangements of the oil fuel must be

absolutely distinct from those of other parts of the vessel.
"

If the fuel is sprayed by steam, means must be provided
to make up the fresh water used for this purpose.

"If the oil fuel is heated by a steam coil the condensed
water should not be taken directly to the condenser, but
should be led into a tank or open funnel mouth, and thence
led to the hot well or feed-tank."

Some interesting points regarding the storage of liquid

fuel were emphasised in an account which has been

published of the grounding of the German battleship Kaiser

Friederich III., in April 1901. At the time of the ground-

ing the fuel tanks in the double-bottom were filled with

the usual quantity of heavy creosote oil, and the reduction

of capacity in these tanks, caused by the inward movement

of the skin of the ship, gave rise to a considerable pressure

in them. Apparently the ventilating pipes, which, except

in one compartment, discharged above the superstruction

deck, were not of sufficient area to relieve this sudden rise

of pressure as they burst in one stokehold at a point about

on a level with the tops of the boilers. These pipes were

carried near the boilers, and the escaping oil ran over the

boiler fronts, causing a serious fire. In another compart-

ment which had become flooded, oil ignited on top of the
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water, but did not continue to burn, owing to the cooling

action of the water. The pumps were situated in a single

compartment, and as this became flooded there were no

means of pumping the oil overboard had it become desirable

to do so.

60. Combustion ofLiquid Fuel. The conditions required to

burn liquid fuel with maximum efficiency differ considerably

in detail from the conditions in coal burning. The same

general principles are, of course, involved in each case
;

that is to say, there must be, firstly, an initial temperature

sufficiently high to start combustion
; and, secondly, the

fuel and the element supporting combustion must be brought
into sufficiently intimate contact to ensure that the combus-

tion is continuous and complete. When combustion is

once started, the first condition presents no difficulty, and

in the case of coal burnt upon a grate, the second condition

resolves itself largely into a question of the skill of the

stoker in maintaining his fire at a suitable and uniform

thickness, but the size of the combustion-chamber has

also an important influence on combustion. Whereas coal

is burnt by stages, commencing with the more volatile

constituents and ending with the fixed carbon, liquid fuel

has to be burnt practically as soon as it is injected into

the furnace. The result of this is, that the volume of gases

to be dealt with is much greater than in the case of coal,

and the problem of securing their intimate mixture with

the air for combustion is increasingly difficult. This

explains why high rates of smokeless combustion with

liquid fuel are difficult to obtain without large combustion

space, and generally, in comparing the merits of the different

systems of burning liquid fuel, the amount of oil burnt per

cubic foot of combustion space should be taken into con-

sideration, as well as the results obtained in evaporation

per Ib. of oil. In ordinary cylindrical merchant service
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boilers the amount of oil to be burnt per cubic foot of

combustion space per hour does not as a rule exceed from

2| to 3 Ibs. while in naval boilers about double this quantity

must be burnt, and therefore the data obtained from merchant

service practice is of little service to the naval engineer

as indicating the direction in which smokeless combustion

with liquid fuel must be sought.

Part of the difficulty in obtaining smokeless combustion

is no doubt due to the "cracking" of the oil which has

been referred to previously. When the oil is injected into

the furnace it is subjected to a heat greater than its normal

boiling point, with the result that it is decomposed, and

liberates a certain proportion of carbon, which is in a very

finely divided condition. Unless this finely divided carbon

is burnt before it comes in contact with the comparatively
cool plates and tubes of the boiler, it is practically certain

to pass away unconsumed, and a very small quantity is

sufficient to give the appearance of dense black smoke.

It has been noticed that in forcing a locomotive boiler the

limit of smokeless combustion is reached when the flame

begins to enter the tubes.

It is the custom of inventors of liquid fuel burners to

lay stress on the completeness with which their particular

burner "atomises" the oil. No doubt something is to be

said for the fineness of a spray, but this is not the most

essential feature required for perfect combustion. It will

be seen from the chemical compositions given previously

that about 15 Ibs. of air are chemically necessary for the

complete combustion of each Ib. of oil, and if the oil is

broken up into drops, however fine, each globule of oil

would have to be surrounded by a sphere of air necessary

for its combustion over twenty times its diameter. If,

therefore, reliance were placed on atomisation alone, a very

large quantity of the oil would never meet with its corre-

sponding amount of air. A more reasonable view appears
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to be that atomisation is only useful as a preliminary to

vaporisation, and this is probably the explanation why
attempts to burn cold oil fuel, except at low rates of

evaporation, have been attended frequently with immoderate

smoke.

When the oil undergoes a preliminary heating", as is

the case in all modern successful installations, the vaporisa-

tion is effected early in the furnace, giving rise to a short

flame, and giving a greater chance for mixing and burning
the liberated carbon. With a long flame combustion is

delayed, and often only corripleted in the funnel itself, result-

ing in flaming and high funnel temperatures. The condi-

tions attending the use of forced draught favour the com-

bustion of liquid fuel, as the velocity energy of the air

entering the furnaces promotes more rapid mixing, but

the tendency under these conditions is for a large excess

of air above that chemically necessary, and consequently
an increase in the heat rejected in funnel gases. This can

be partially corrected by restricting the area of the uptake,

but at the expense of increased work on, and steam con-

sumption in, the fans for forced draught.

Heating of the oil should take place as near the furnace

as practicable, and should be as high as safety permits,

but not so high as to cause the oil to "crack," and carbon

to deposit in the supply pipes. It should be pointed out

that if the oil is heated to its burning point, or fire point

(/'.*., the temperature at which it takes fire on the approach
of a flame and continues to burn), danger is incurred in the

event of a leaky joint in the oil pipes. The burning point

is some 50 Fahr. or more above the flash point, accord-

ing to the class of oil, so that if the preliminary heating is

limited to the temperature of the flash point, safety is

practically assured except in the case of a very bad leak

involving the liberation of a large quantity of hot oil. In

some systems, heating coils are fitted in the gravity or
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supply tanks, the object being to separate out any water

which may be in the oil, the rise of temperature reducing
the density of the oil, which therefore rises the more rapidly

and floats on top of the water. This heating should, how-

ever, for safety, be limited to about 50 Fahr. below the

flash point, the size of the steam-heating coils being pro-

portioned so that this temperature cannot be exceeded,

and further, the tanks should be closed and provided with

ventilating pipes of ample size carried to the upper deck.

61. Types of Burners. Nearly all modern oil burners

operate by spraying the oil by the agency of either steam,

compressed air, or the pressure of the oil itself.

In some of the experiments of forty years ago attempts

were made to burn the oil from a free surface, but

obviously this system is

limited by the com-

paratively small surface

which it is possible to

expose to the action of

the air, and hence it

is only suited to very
low rates of combustion.

Several arrangements on

this system have been

tried, but may now be

considered of historical

interest only.
Fig. 38.

One form which is illustrated in Fig. 38 is known as

the "cup-grating" burner. Its general features will be

apparent from the sketch. The oil runs by gravity through
the vertical pipe shown, and fills the troughs placed one

above the other, arranged in an opening in the furnace

front. It need hardly be mentioned that, apart from the

low rate of combustion possible with this form of burner,
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the arrangement is scarcely suited for the confined space

of a ship's stokehold. In another form of free surface

burner tried by Richardson in 1864 the bottom of the

furnace was lined with refractory material and the oil run

into it by a pipe. The oil spreading through the lining

exposed a greater surface and an increased rate of vaporisa-

tion of the oil was effected. The air which entered through

the furnace front passed over the surface, and its rate of

RICHARDSON'S METHOD or BURNING OIL FUEL.

Smoke

Box

Tubes

Fig. 39.

mixing with the oil vapour was accelerated by means of

steam jets.

A modification of this system, also designed by Richardson,

is illustrated in Fig. 39. In this an attempt was made
to burn oil as an auxiliary to coal. It consisted of a trough

"g" with a water-jacketed bottom, arranged just inside

the furnace mouth, and lined with refractory material. Oil

was run into the trough by the pipe "o," and steam blown

through the oil by the pipe
"

s
"

;

" w "
is a water connection
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to the bottom of the trough, and "f" is a portable plate

which could be let down over the oil trough, when it was

desired to fire up with coal.

6lA. Steam-Spraying Burners. It became evident after

many attempts had been made to burn oil from a free surface,

that some different system was necessary if an increased

rate of combustion of the oil was to be obtained. Two
essentials were necessary before any progress could be

made, the first being to increase largely the surface of the

oil to be burnt, and the second to secure a more complete

mixing with the air introduced for combustion. Both

these essentials were obtained by the introduction of the

"steam-spraying" burner, and the system of spraying oil

by steam is still the one which is the most general. The
effect of the steam spray is to break up the oil into very

fine drops, thus presenting a very large surface, while at

the same time it induces a current of air, which, if

properly directed, adds considerably to the mixing effect.

All steam -
sprayers are designed on the same general

principle. There are two orifices, through one of which

oil flows under a slight pressure, usually due to a head,

while from the other steam issues in such a manner as to

impinge upon the oil-stream and break it up into spray.

The two orifices may be side by side or concentric, and

are generally of rectangular, circular, or annular form.

The majority of steam-burners now made work on the

injector principle, the steam jet inducing the flow of oil,

or in effect adding to the available head.

Burners with rectangular openings, sometimes called "slot

burners," are not much used for marine boilers, but they

are frequently employed for locomotive work, especially in

America. The slots are long and narrow, placed horizontally

one above the other, the oil-opening being at the top and

of much larger area than the steam-opening. This type
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of burner has been used on the locomotives of the

Santa Fe railroad in California, and is illustrated in

Fig. 40.

A burner of this type, known as the " Booth "
burner, was

tested by the American Liquid Fuel Board, and the results

are given in their recently published Report. Under natural

draught good results were obtained, the evaporative efficiency

on two trials being respectively 13.39 and 12.88 Ibs. of

water from and at 212 Fahr. per Ib. of oil. With forced

draught, however, the efficiency fell off rather rapidly,

varying from 9.52 to 11.19 Ibs. of water from and at 212

per Ib. of oil with an air-pressure up to 3 ins. of water.

Burners with circular nozzles are sometimes arranged
with the orifices side by side, but more often they are made

OIL.

STEAM.

Fig. 40.

concentric. In such cases either one orifice forms an annulus

around the other, or both orifices may be annular. The

steam may issue from the central orifice and the oil from

the annulus, or vice versa, according to the fancy of the

designer. One of the earliest of the steam-spraying burners

with orifices for steam and oil side by side was that designed

by Aydon & Selwyn in 1867, and tried under the direction

of Admiral Selwyn at Woolwich in 1868 with satisfactory

results up to the rates of combustion then required for marine

boilers. The flow of oil was regulated by a cock in the

oil pipe, while the steam was regulated by a screwed spindle.

This burner was provided with a circular extension piece

around the nozzles, having an opening through which air

could be drawn by the action of the steam jet. Fittings of
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this description doubtless add to the efficiency of the mixing,

but they have the disadvantage that they burn away rapidly

under the influence of the high temperature, which is

obtained a few inches away from the mouth of the burner.

One of the earliest burners of the injector type perfected

was that of Urquhart, and it was fitted to the locomotives

of the Griazi-Tzaritzin Railway in Southern Russia. In

this burner the steam issues through the central tube while

the oil flows round it. The central tube is tapered at the

end, and fits a nozzle through which the oil and steam

together are ejected. The oil opening can be adjusted by

moving the central tube by the screw and gearing "o"

(Fig. 41).

Another burner of the "injector" type which has been

applied largely to locomotives, and which has been used

also for marine boilers, is that of Holden (Fig. 42). In this

burner both the oil and steam passages are annular, formed

between the surfaces of concentric cones, and open into a

nozzle which has two outlets with their axes inclined. The
central passage is, in this case, left open, so that a small

current of air is introduced through it. The mixed air, oil,

and steam issue through the openings in the nozzle, and

the mixture is still further acted upon by fine jets of steam

issuing from small holes drilled in a ring "r" surrounding
the burner, these jets also inducing a further current of

air. The admission of air through the central tube is not

capable of regulation, but as it is of small cross section,

the quantity of air passing through it must be very small

compared to the quantity of air required for combustion.

The steam supply to the ring
u r" is adjusted by the cock,

and that to the injector by moving the central cone "a";
the oil supply is regulated by valves "o " and "o"' external

to the burner, of which "o" is the main oil regulating

valve, and "o"' is an auxiliary valve to augment the oil

supply.
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In the " Rusden & Eeles
"
burner, which has been fitted to

the boilers of several steam-ships, both passages are annular,

but the opening at the burner nozzle of both steam and oil

HOLDEX BURNER.

Fig. 42.

can be regulated separately, the oil by
u
o," and the steam

by "s." The construction will be readily followed by
reference to the illustration (Fig. 43).
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In the "Niclausse" steam-spraying burner there is a

small steam tube surrounded by an annular oil passage,
while round this again is the main steam jet (Fig. 44).

The oil thus leaves the burner as a cone, having a cone

of steam in the centre and being surrounded by a cone of

steam externally. The general construction of this burner

is shown below. The steam supply to the main jet is

regulated by the wheel "s," that to the central tube being

constant, and the oil is regulated by the handwheel "o";
the tube "c" is telescopic.

61fi. Air-Spraying Burners. Speaking generally, burners

which are suitable for working with steam as the spraying

agent may also be worked with compressed air. Steam

burners are, however, designed to work with a fairly high

pressure, say 60 to 70 Ibs. per square inch as a minimum.

Air at this pressure would necessitate the use of air-com-

pressors of comparatively large power, which would therefore

entail a considerable steam consumption, and though this

steam would be recovered in the condenser, and not lost

in the funnel, as in the other case, its expenditure means

a diminution of the net amount of steam available for the

propulsion of the ship. For this reason, therefore, what

may be termed the high pressure air-spraying system is

not in favour. Another reason why high air-pressures are

undesirable for spraying lies in the fact that air, in expand-

ing, falls in temperature, and this would tend to cool the

oil, and delay, if not prevent, combustion. Where a high

pressure air-spraying system is adopted it is usual to heat

the air considerably by passing it through tubes in the

uptake. The power required for the air -compressor
diminishes as the pressure is reduced, and in the air-

spraying systems it is not usual to use a pressure above

30 Ibs. per square inch. Even with this pressure the plant

required is relatively bulky. In the s.s. Mariposa, the
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performance of which is

referred to in the Report
of the American Liquid

Fuel Board, published in

1902, the pressure of the

compressor was 30 Ibs.

per sq. in. The burner

used, which is known as

the "Grundell- Tucker"

burner and appears to be

simple and effective, is

illustrated in the Report,

and is here reproduced

(Fig. 45). The oil in this

case enters the central

tube and emerges through
twelve fine holes ^V in.

in diameter near the end

of the tube, and almost

at right angles to the

central tube. The air

enters the annular space

between the central tube

and the outer casing of

the burner, and has to

pass through a number

of spiral grooves "d"
formed on an enlarged

part of the central tube.

These give the air a

whirling motion, after

which it meets the issuing

jets of oil, breaking them

up into fine spray, which

then passes through the
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burner nozzle "e." The air is heated by compression,

and also by passing it through a hollow casing on the

furnace front on its way to the burner.

Another air-spraying burner with which a number of

tests were made by the Liquid Fuel Board, is the " Oil City

Boiler Works " burner (Fig. 46). The air for spraying in

these trials was taken from a "Roots" blower, and varied

in pressure from .78 Ibs. to 4.68 Ibs. per square inch. The

construction of this burner will be apparent from the annexed

sketch. The oil is regulated by the wheel "o," and the air

orifice by the wheel "a." With this comparatively low

pressure, the spraying of the oil was apparently satis-

factory, as it was possible to obtain with forced draught a

greater evaporation per square foot of heating surface than

was obtained with coal. This is interesting, as showing that

high-air pressures for spraying are not really necessary. It

would be possible by using ordinary high-speed fans in series

or by turbine compressors to obtain such comparatively small

pressures as those used in the above quoted trials without

recourse to plunger compressors, which, on account of their

limited speed, are necessarily bulky and expensive. The use

of low pressure air systems in this country has not received

the attention it deserves, but one system at least, that of

Kermode, has been tried on a limited scale with satisfactory

results (Fig. 47). The general arrangement of this burner

is here indicated. The oil enters the burner as shown, and

the supply is regulated by the valve "o." Compressed air

enters as marked, and part passes through the central tube,

inducing, mixing with, and heating the oil, and the remainder

passes through the outer casing, and pulverises the oil.

The air is regulated by means of racks and pinions "a"
and "a"', and in each passage is a spiral or helix, placed

to give the passing fluid a rotary motion and to promote
intimate mixing.

Several burners have been designed and tried using
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combined air and steam

for spraying, that is to

say, the air has been

pumped or blown, and

not merely induced by the

steam jet. The results,

however, have generally

not justified the extra

complication, and as satis-

factory results can be

obtained with either spray-

ing medium, the use of

both together appears un-

necessary. In this con-

nection the American

Liquid Fuel Board in

their Report remarks :

"Apart from any ques-

tion of furnace efficiency,

the Board considers the

combined use of both air

and steam in the burners

is undesirable. Such an

installation involves un-

necessary expense and

complication, and requires

much more attention in

the adjustment and mani-

pulation of the burners."

With this view most en-

gineers will agree.

6 1 c. Vapour Burners.

Attempts have been made

to convert the fuel into
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a gas or vapour in a retort heated vessel or coil before

injecting into the furnace. But for the property of petroleum

oils of "cracking" and depositing some of their carbon,

this system would in all probability be the most satis-

factory, as it would enable complete combustion to be

obtained with very little trouble, and, moreover, the

quantity burnt would be regulated with great exactitude.

If a fairly light and refined oil is used, satisfactory results

are obtained for a time, but with the heavier oils the burner

becomes quickly choked with carbon. For continuous

steaming, such as required for marine boilers, vapour
burners cannot therefore be regarded as likely to lead to

a satisfactory solution of the problem of burning liquid

fuel. Their use has hitherto been chiefly confined to the

steam boilers of mechanically propelled vehicles in which

refined oils are used. They have, however, also been

applied to the boilers of small yachts.

6 ID. Pressure Sprayers. It is well known that when a fluid

is caused to change its velocity suddenly, the tendency is

for eddies to be formed, and this is specially noticed when
the change is made by a sudden increase or decrease in

the diameter of a pipe through which the fluid is flowing,

the change of velocity being accompanied by a loss of

head. This loss is accounted for by an increase in the

energy of rotation of the particles of the fluid which do

not continue to follow definite stream lines as in the case

of a straight pipe of uniform section.

In the case of a pipe discharging into the atmosphere
we can consider the change to be from a defined or given
cross-section to one of indefinite area, and it is a matter of

common observation in the case of an ordinary water-tap,

where the water issues under considerable pressure, that

after leaving the mouth of the tap the water spreads out

and breaks up into drops. This principle is made use of
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in pressure
-
sprayers, where the oil is forced under con-

siderable pressure through very fine openings. It will be

seen that the higher the pressure, the smaller will be the

size of opening required to discharge a given quantity in

a given time, and no doubt the best results are obtained

with the higher pressures, as the amount of energy of

rotation imparted to the particles is greater, or, in other

words, the spray is finer. The spray -holes, however,

should not be made too fine, or they easily become choked

and the burner rendered inoperative. It is further desir-

able to provide strainers of very fine mesh between the

pump and the burner. Even with this precaution there is

always the possibility of choking by a deposit of carbon in

the spray-hole, and the nozzle therefore should be readily

detachable for cleaning, so that in case of failure of the

spray a spare nozzle can be shipped in a short space of

time. The strainers should also be arranged so that

they can be changed with equal facility. The opening

being so small makes these burners rather more delicate

in adjustment than either air or steam-sprayers, and this

fact, together with the mechanical disadvantages mentioned

above, probably accounts for their limited use compared
with the latter types.

The best-known pressure-burner is that of Korting. This

sprayer consists of a spindle, near the end of which is a

multi-threaded plug screw. The threads are square, and

the top of the thread just fits the spraying nozzle. The

oil to be sprayed has to pass round the grooves between

the threads. At the end of the thread the spindle is formed

into a cone, and opposite the apex of the cone is the spray-

hole. The oil has thus to change its velocity several times

before being discharged, and in addition is given a whirling

motion in passing through the grooves of the screw, con-

ditions which favour the breaking up into spray. This

construction will be followed by reference to the illustration
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of the Korting sprayer fitted in the s.s. Tebe (Fig. 48). It

will be noticed that the sprayers are fitted in duplicate, and

arranged so that either can be disconnected while the other

is at work. In a pressure-burner the fineness of the spray

depends to some extent on the viscosity of the oil, and it

is desirable that the oil should be heated to as high a

temperature as practicable. This heating, however, should

be carefully regulated, otherwise carbon may deposit in a

finely divided state, and choke the strainer, if not the spray
hole. In an account of the trials of the s.s. Tebe which has

been published recently, it is stated that the inconvenience

of the obstruction in the strainers was so frequent that the

strainers were removed, and reliance placed only on the

strainers in the suction pipe to the pump. It is well to

remember that oil is a very bad conductor of heat, and it

is possible to overheat it locally in the heater while giving

only the desired temperature at the burners. Steam-heating
coils should therefore be of large area, and the whole of the

oil passing through the heater should come in contact with

some part of the heating surface.

62. Comparative Merits of Steam and Air Pressure for

Spraying. As regards simplicity, steam has the advantage,
since no pump is required ;

but it has the serious disadvantage
that the burners cannot be started, unless steam is first raised

by a coal fire, or steam supplied to the burners from another

boiler. This disadvantage also applies to air-spraying, but

with the pressure system the oil could be pumped by hand

until sufficient steam is raised to work the oil pump. As

regards economy, though each system may be made to give

practically the same evaporative results per Ib. of fuel, the

nett result will be in favour of the pressure system. Let

us compare the results to be obtained from each system,

taking coal as a standard, and assuming that a given

quantity of coal is made to evaporate 100 Ibs. of water.



156 MARINE BOILERS [CHAP.

Assuming the boiler efficiency to remain the same, the

same weight of liquid fuel will evaporate a quantity of

water in proportion to the relative calorific values of liquid

fuel and coal, that is to say, about 135 Ibs. Now in the

case of coal burning, the whole of the 100 Ibs. of water

evaporated is available for use in the engines of the ship,

but in the case of the liquid fuel, deductions have to be

made for the steam used in heating the oil, and also for

the steam used, either directly or indirectly, for spraying the

oil. In steam-spraying at the rates of combustion in boilers

of the Mercantile Marine the proportion of steam used for

spraying to the water evaporated may be as low as 3 per cent.

At higher rates of combustion it will generally be more.

The American Liquid Fuel Board found that on an average it

amounted to 4! per cent, in their shore tests, but probably it is

seldom less than 5 per cent, under ordinary sea-going condi-

tions. Taking the latter figure, we must therefore allow a

discount of 7 Ibs. off the 135 Ibs. of water evaporated. This

discount, however, does not end here, as this 7 Ibs. of water

which is wasted has to be made up by an expenditure of

steam in the ship's evaporators, say another n Ibs. It is true

that this latter steam is recovered in the condensers, but it is

not available for the auxiliary engines, or for propulsion

of the ship. The nett result is, therefore, that, instead of

getting 135 Ibs. of steam for the propulsion of the ship,

we have to write off 18 Ibs., and the relative value of the

oil and coal is reduced in the ratio of 117 to 100. The
amount of steam required for heating the oil has been left

out of consideration, as it is generally small, but if considered

would reduce further the advantages of oil over coal.

This want of economy, together with the large increase

of evaporating plant required to deal with the unavoidable

waste of water, makes the steam-spraying system generally

unsuitable for warships.

In the air-spraying system, though the amount of steam
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required to drive the air-compressor is more than would be

used actually to spray the oil if used directly, it is never-

theless recovered in the condenser, and we are not debited

with a further consequent expenditure in the evaporators.

The amount of steam required for the compressor will vary
with the air-pressure. If air at about 100 Ibs. is used, the

amount of steam required by the air-compressor may amount

to as much as 10 per cent, of the output of the boiler, and after

writing off this expenditure the relative values of oil and

coal become as 121 to 100. In the s.s. Mariposa, previously

referred to, the air-compressor is estimated to be of 1 10

I.H.P., or about 5 per cent, of the power of the main engines,

but as the compressor would, in all probability, not be so

economical as the main engines, it may be estimated to

use from 7 to 8 per cent, of the total evaporation, and after

writing off this percentage on 135, the relative values of

oil and coal become as 125 is to 100.

In the pressure system the quantity of steam required

should be only about 6 per cent, of the quantity of oil pumped,
and as this in turn will only be about 8 per cent, of the water

evaporated, the quantity of steam required by the oil pump
will be less than one-half per cent, of the total evaporation,

and the relative value of oil and coal becomes about 134

to loo.

In the air-spraying system the weight of the air com-

pressing machinery is considerable, and this is an objection

to the system, particularly for warships, where weight is

of great importance. In the Mariposa it is stated to be

9 tons, or about 4! tons per 1000 H.P. of the main

engines. In the pressure system, for a similar installation,

the weight of the force pumps required would probably
not exceed i ton. There are, of course, other additions in

all systems, such as heating tanks, extra brickwork, etc.,

which are not required with coal.
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63. Furnace Arrangements. In boilers which are required

to work with liquid fuel alone it is usual to remove the

whole of the coal-burning fittings from the furnace, and to

utilise the whole of the space for combustion.

If it is desired at any time to be able to revert immediately
to coal, or if it is intended to burn oil and coal together,

the fire-bars must, of course, be left in place. In the latter

case, however, the reduced combustion space and the

difficulty of supplying the air for the combustion of the

oil in a satisfactory manner, makes the task of burning
the oil smokelessly all the more difficult.

The brickwork, which varies with each type of boiler,

serves two purposes, first to act as deflectors of the gases,

and to assist in their mixing, and secondly, to supply a

reservoir of heat to keep up the temperature of the furnace,

and to assist combustion by regenerative action.

In the locomotive boilers referred to by Mr Urquhart in

his paper read before the Institution of Mechanical Engineers
in 1884, the brickwork took the form of a lining with arches

connecting the side walls. The arches acted as deflectors

of the gases, and prevented their direct impingement on

the tube ends, some such arrangement having been found

necessary to prevent leaky tubes. Any arrangement of

arches, however, is generally unsuitable for marine boilers,

especially of the water-tube type, as they would require to

have a greater span than in the fire-box of a locomotive,

and tend to collapse under the action of the heat. This

instability of a brick arch in a water-tube boiler is referred

to by the American Liquid Fuel Board in their account of

the tests with the "Booth" burner, previously referred to.

Accordingly, in water-tube boilers, the extent of the brick-

work is generally limited to the side walls, and a brick

lining to the ashpan. The brickwork in water-tube boilers

therefore plays a very small part in deflecting the gases, and

suitable baffles have to be arranged among the tubes. In
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cylindrical boilers the brickwork may take the form of pillars,

rings, chequerwork, or sometimes a hanging bridge is

formed at the throat of the furnace to protect the joint of

the furnace and tube plate. In the latter case the bricks are

often bolted up, and, as a rule, require frequent replacement.

MAKIM; BOILEK UUKNING LIQUID FUEL AND FITTED WITH ELLIS & EAVES'

INDUCED DKAUGHT.

Fig. 49.

As regards air supply, no general rule can be laid down,
since the conditions will vary with each type of boiler. In

cylindrical boilers, where all the air must be admitted through
the front of the furnace, provision should be made to deflect

the air supply against the stream of oil or oil vapour. In

water-tube boilers it is possible in many cases to introduce

air at the back of the furnace, which is advantageous, as

the air and oil streams move in opposite directions, and
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therefore have a greater opportunity of becoming intimately

mixed than when moving side by side.

These points, as regards brickwork and heated air supply,

as applied to cylindrical boilers, are illustrated by the arrange-

ments shown in Figs. 49 and 50. The furnace door aperture

is fitted with two burners of the Rusden & Eeles type. The
hot air enters the casing of the furnace front, and a part of

it is drawn through the conical inlets shown round the burner

nozzles. The remaining air, which forms the main part,

enters the ashpit space through the butterfly valves. The
main air is deflected upwards by the brick pillars arranged
about 3 ft. inside the furnace (Fig. 49). A brick ring is

built to protect the joint at the throat of the furnace, and

the back of the combustion - chamber (common to two

furnaces) is lined with brickwork to the height shown, a

buttress wall being fitted between the two furnaces. A
similar arrangement was fitted to one boiler of the s.s.

Kensington, and ran satisfactorily for several trips, but the

fittings were subsequently removed for considerations con-

nected with the supply and price of the oil fuel. In a

three days' test, made at the works of Messrs J. Brown
and Co., Sheffield, on a marine boiler having a heating
surface of 1,200 sq. ft., the mean actual evaporation

was 11,275 Ibs. of water per hour, and the equivalent

evaporation from and at 212 Fahr. per Ib. of oil was

15.09. The calorific value of the oil was equivalent to

19.63 Ibs. of water from and at 212 Fahr., and the efficiency

of the boiler was therefore nearly 77 per cent. At a previous

test an evaporation of 16. i Ibs. of water from and at 212

Fahr. was obtained, giving a boiler efficiency of 84 per cent.

No doubt part of the excellence of these results was due to

the heating of the air, which entered the furnace at a

temperature of about 250 Fahr. The gain in efficiency due to

heating the air was noticed by Mr Urquhart, and is referred

to in his paper previously quoted.
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Fig. 51 refers to the furnace arrangement in the s.s.

fitted with Korting sprayers and Howden's system of

forced draught. An account of this installation has been

published in the Rivista Marittima (March 1904).

The furnaces are here lined with fire-brick for about half

their length, and there is a brick ring just inside the furnace
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through which the air has to pass. The report states that

the results of experiments made in relation to power and

consumption of fuel showed from 1.004 to 1-087 Ibs. of

fuel per I.H.P. per hour. The consumption of coal in

the ship is stated never to have been less than 1.5 Ibs. per

I.H.P. per hour.

An example of a recent installation is that fitted in the

s.s. Goldinouth by the Wallsend Slipway & Engineering

Company, who have equipped a large number of steamers for

oil burning (Fig. 52). This installation is on the Flannery-

Boyd system of settling tanks, and the burners are of

the Rusden & Eeles and of the Korting type, the former

being fitted to two boilers and the latter to one. In the

Flannery-Boyd system two liquid fuel settling tanks of

large capacity are placed in the ship at some distance above

the boilers. The tanks are made of sufficient size to contain

half a day's supply, and are fitted with heating coils, draining

arrangements, and thermometers, to enable the fuel to be

heated to the desired temperature, so that any water con-

tained therein may separate freely. The water then settles

to the bottom of the tank, and can be drained off. The
tanks are fitted with overflow pipes to return to the fuel

space in the ship's double-bottoms or ballast compartments ;

they have also open-ended pipes opening above the level

of the upper deck. From these tanks the oil runs by

gravity through suitable oil-strainers to the steam-burners,
and to the pressure-pumps required by the Korting system.
The general arrangement of oil pipes is indicated in Fig. 52,

and for clearness the steam system has been omitted
; the

boiler with the Korting sprayers is that on the left hand

side.

The separation of water from the oil fuel is very necessary,
as even a small percentage of water will cause a disagreeable

pulsating effect on the working of the burners, while a

moderate quantity will cause the flame to go out com-
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pletely. If this should happen the oil should be shut off

for a short time, the steam being left on to blow through
the oil vapour which may have collected in the furnace.

If this precaution is neglected and a torch applied, a

OIL-BURNING ARRANGEMENT ON THE KORTING AND THE RUSDEN & EELES
SYSTEM.

Fig. 52.

dangerous explosion may occur in the furnace. When the

action of the burner is intermittent, due to the presence of

water, slight explosions may be frequent, causing the flame

to flash back into the stokehold.



v.j MIXED FUEL BURNING 165

64. Mixed Fuel Burning. At the present time the number

of ports where fuel oil can be obtained is very small com-

pared with coaling ports, and while it is practicable for

merchant steamers trading on a fixed route between "oiling"

ports to burn oil only, it is necessary for vessels whose

itinerary may be varied, especially war vessels, to be able

to burn oil and coal alternatively, or in combination. It is

obviously impossible with elaborate brickwork arrangements
in the furnace to revert readily to coal burning, and there-

fore when this is desired it is usual to retain the fire-bars

and cover them with broken fire-bricks or clinker, on to

which the oil is sprayed when burnt alone, or if burnt in

conjunction with coal, the spray is directed over the coal

fire. In the former system the difficulty of burning at high
rates of combustion is increased, owing to the reduced com-

bustion space ;
in the latter system the difficulty is still

further increased, owing to the fact that coal and oil entail

different systems of air supply, requiring careful arrangement,
but even then their manipulation necessitates more skill and

attention than the " all-oil" system.

The advantages of mixed fuel burning scarcely apply

to ships of the mercantile marine, and the disadvantages

of increased cost of the installation, the added complica-

tion, together with the fact that practically no saving in

personnel is possible, make it tolerably certain that merchant

vessels will continue to burn either coal only or oil only,

as at present. For war vessels, however, certain tactical

advantages arise from the use of the combined fuels, which

may be thus briefly stated :

(1) The oil fuel being carried in the double bottoms, in

addition to the full stowage of the bunkers, gives the ship

a larger radius of action.

(2) When the fires get dirty the full speed may be

maintained by turning on the oil supply to the furnaces.

(3) Maintenance of full speed is also assured when the
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coal is worked back in the bunkers, and it becomes difficult

to supply the furnaces with coal at a rate sufficient to

maintain the full speed. This state of affairs may also

arise in action when it may be undesirable or impossible
to spare the men necessary for trimming- the coal.

(4) Oil alone may be used at slow speeds, or in harbour,

thus releasing a certain number of men from the duties of

stoking, who may be usefully employed in other work.

(5) The furnaces are available immediately for coal only
should the supply of oil fail.

The advantages of the all-oil system are greater even

than those of mixed fuel, but, until the world's production
of liquid fuel is increased very largely, oil alone is not

likely to be adopted for war vessels except in special cases.

65. Oil Fuel for Naval Purposes. -In recent years much
attention has been devoted to the burning of liquid fuel

by the navies of several nations. The Italian navy has

adopted liquid fuel for many of its torpedo-boats, while

the armoured ships Sardegna, Sicilia, Re Umberto, Lepanto^

etc., are fitted for burning mixed fuel. In the French

navy several ships are arranged to carry a limited quantity
of oil fuel (about 80 tons) in their double bottoms, among
them being the d'Entrecasteaux, Montcalm, Kleber, Guichen,

Chatedurenault, Gloire, etc. Some of the torpedo-boats of

the Russian navy a.nd the battleship Rostislav of the Black

Sea Fleet use oil fuel alone, while several other large ships
are arranged for mixed fuel burning. In the German navy
also many of the battleships and armoured cruisers are

arranged for burning mixed fuel. The most important and

most recent experiments are, however, those carried out by
the Admiralties of Great Britain and the United States.

The British experiments commenced in the torpedo-boat

destroyer Surly, fitted with Normand boilers, but these

experiments not giving at first very good results, extended
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shore trials were made, so that the conditions of working
could be more closely observed, and alterations carried out

more readily than in the confined space of the stokehold of

a torpedo-boat destroyer. These tests were carried out in

various types of boilers, including Normand, Belleville, and

cylindrical, at Devonport and Portsmouth, with results so

promising that the battleships Mars and Hannibal had

half the cylindrical type boilers fitted to burn oil in con-

junction with coal. Subsequently, the cruiser Bedford was

fitted with part of her installation of Belleville boilers to

burn oil and coal together. All these ships were fitted

with steam-spraying burners, and the results of trials at sea

showed that it is possible in each case to obtain smokeless

combustion when burning oil and coal together, at the

maximum power of the boiler. In the meantime, the

shore experiments were continued with a view of determin-

ing a satisfactory type of pressure-spraying burner, and as

the result of these latter experiments the torpedo
- boat

destroyer Spiteful was fitted with a complete equipment
of burners operating on the pressure system, the structure

of the vessel being modified to enable the necessary

quantity of oil to be carried. Comparative trials have

been run recently between the Spiteful burning oil, and

the Peterel) a sister ship, burning coal, with results, it is

stated, entirely favourable to the former. As the manipula-
tion of liquid fuel fittings requires much skill in order to

ensure the best results, several boilers of different types

are being erected at Portsmouth, in order that the various

problems connected with liquid fuel burning may be more

effectively studied and instruction given to the engine-

room ratings of the Fleet. The use of liquid fuel in con-

junction with coal is being extended to other ships. In

the battleship Prince George some of the boilers have

recently been fitted to burn oil in conjunction with coal,

the burners being of the pressure type, and it is stated
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that the cruiser Bedford is also to have her oil-burning

system extended. In the former vessel, one of the ship's

dynamos is being worked by an oil engine using the same

fuel as that burnt in the boilers.

The Report of the American Liquid Fuel Board has

been previously referred to, and it remains to indicate briefly

some of their principal conclusions. They find that no

difficulty should be experienced by intelligent stokers in

burning oil in a uniform manner. That the additional

evaporating plant is practically the main objection to the

use of steam as a spraying medium. That with highly

heated compressed air, the combustion can be forced to a

greater extent than with steam. That special provision

should be made for removing water from the oil. That

little difference is found in the evaporative efficiency of

different oil fuels. That the great benefit of heating the

air required for combustion cannot be doubted. That the

oil should be heated before it is supplied to the burners.

That there should be a reserve of burners which should be

capable of easy examination and renewal. That there

should be special provision for straining the oil. That the

simpler the furnace the greater its efficiency, and that in

many cases brick arches only tend to reduce the volume

of space necessary for effecting complete combustion.

That the design of an oil-burning installation will depend

primarily on the character of the fittings and auxiliaries
;

the form of the burner, so long as it is constructed in

accordance with well - known principles and all its parts

are accessible for overhauling, will play a very small part

in extending the use of crude petroleum. That under

severe forced draught conditions, and with water - tube

boilers, the solution of the smoke question is nearly as

remote as ever. That there should be no attempt made to

use oil as auxiliary and supplementary to coal, as such an

installation is sure to prove unsatisfactory, and the solution
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of the oil-fuel problem is only delayed by any attempt to

inject a limited supply of oil fuel over a bed of incandescent

coal.

In view of the success attending the British experiments

in burning oil and coal together, the last quoted con-

clusion, which, so far as can be gathered from the Report,

is not supported by experimental evidence, appears to be

somewhat premature.

It is doubtful also, whether for a naval vessel an installa-

tion which requires twenty-four hours to revert to coal

burning can be regarded as satisfactory. It is not difficult

to imagine circumstances under which a warship would

require to utilise the tactical advantages which oil fuel gives

till the last drop had been burnt, and to go on steaming
at full power immediately on coal alone. In such a case

the laying off of a portion of the boilers in order that the

furnace fittings might be replaced would detract very seriously

from the efficiency of the ship as a fighting machine.

The other conclusions quoted above are generally
in accord with experimental evidence, and can be readily

conceded, except that it is to be noted that the smoke

nuisance has been successfully overcome in the British naval

vessels burning liquid fuel.

The oil-fuel problem for naval vessels admits of the

following solutions :

(1) To burn oil only, in all the boilers.

(2) To burn oil only in part of the installation and coal

only in the remainder, the furnaces for burning oil being

especially constructed for it.

(3) To burn either coal only, oil only, or both together,

in all or part of the installation, the furnaces being arranged
so that either plan can be carried out without making any

change in the fittings.

In the present state of the world's supply of liquid fuel

the first solution is obviously impracticable of general
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application, but in certain classes of vessels, such as torpedo-

boat destroyers, it may become necessary to adopt this

solution on account of the difficulty of arranging satisfactorily

for an adequate storage on board of two fuels. In such a

case the operations of these vessels would naturally have

to be confined within their radius of action from a base from

which supplies of oil fuel are procurable.

The second solution requires that ships so fitted shall

be similarly limited in their operations, or that a risk shall

be run of part, of the boilers being rendered for a time

inoperative in the event of the supply of oil failing.

The third solution appears to be the most reasonable, if

the requirements of satisfactory combustion can be met, as

the ship can make use of the advantages of oil fuel, while

supplies can be obtained and can still maintain full power
with coal only when the oil fuel is exhausted.

66- Liquid Fuel for Internal Combustion Engines. One
other aspect of the use of liquid fuel for marine purposes
remains to be considered, namely, in internal combustion

engines. The oil engine, as a practical working machine,
is less than thirty years old, and in recent years great

strides have been made in the application of this form of

motive power, principally for stationary purposes, and more

recently still for boats, small yachts, submarine vessels, and

as auxiliary engines for ships.

Broadly speaking, we may divide oil motors into three

classes, according to the class of fuel used, that is to say,

petroleum spirit motors, motors using refined oil, and

motors capable of using the residual oils, such as are burnt

in a steam boiler.

Petroleum spirit motors have been used in submarine

vessels and in small boats, but its general use in sea-going

ships is rendered unlikely for two principal reasons, the first

being its comparatively small supply and high price, and
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the second the danger attendant on its use, on account of

its inflammable properties.

These objections apply, though to a less degree, to the

use of refined oils, which, if used to any extent, would be

required to be stowed on board in bulk, special precautions

being taken against leakage into other compartments, and

the collection of inflammable vapour.

The third class of engines, therefore, are those to which

attention should be most directed in their application to

marine work, on account of their using the cheapest and

safest quality of fuel.

One great advantage, which internal combustion engines

possess over steam engines is economy of fuel. In a land

installation of steam engines, with all available devices for

increased economy, the indicated work of the engine may
amount to 15 or 16 per cent, of the heat energy in the

coal burnt. Such an economy, though not impossible of

realisation in marine work, involves considerable sacrifices

in the matters of weight and space required for the installa-

tion, which would tend to neutralise in other directions the

gain in economy.

Accordingly, we rarely find in merchant vessels installa-

tions giving more than 12 or 13 per cent, of the heat value

of the coal in indicated work, while in naval vessels, where

the conditions are not so favourable to economy, the per-

centage does not exceed n, and in vessels such as torpedo-

boats and torpedo-boat destroyers it may be as low as 7

per cent.

Oil engines, on the other hand, give thermal efficiencies

of from 20 to 40 per cent., according to the size and the

type of the engine, so that it would be possible to give a

ship the same radius of action if driven by oil engines, with

only about one-third to one-fifth the quantity of fuel required

by steam engines of the same power. Up to the present,

however, oil engines have only been applied to the pro-
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pulsion of vessels of small size, and the following difficulties

stand in the way of their immediate application as motive

power for large vessels, viz. those of handling, reversing,

regulation of speed, and the necessary experience with

large sizes.

The difficulties above referred to will be appreciated

when it is remembered that the purposes for which oil

engines have mostly been applied require a constant speed
in one direction only, so that the transition to the conditions

of a marine engine, which requires to be stopped and started

in either direction, will not be made without the exercise of

considerable thought and inventive skill. In small boats

the difficulty has been obviated by fitting either feathering

screws, or by clutch and gearing, the engine running

continuously in one direction at a nearly constant speed.

These devices, however, it will be generally admitted, are

not such as can be employed in the transmission of large

powers. In the Bertheau engine, which has been fitted

to boats in this country by Messrs. Thornycroft, the problem
of reversing has been solved satisfactorily. The engine is

operated at starting by compressed gas from a reservoir,

which is kept charged, while the engine is running, by a

portion of the products of combustion flowing out of the

cylinder during the explosion stroke through a non-return

valve into the reservoir. At starting, the cylinders take

the compressed gas at the beginning of every downward

stroke, but when once started all the cylinders but one are

made to operate on the usual four-stroke cycle till the

ignition is regular, and when this is obtained the remain-

ing cylinder is made to work in the same manner. The

various operations are effected by an ingenious arrange-

ment of cams, and the results of trials have shown

that an engine working on this principle is as handy and

as reliable as a steam engine. The disadvantages of the

system for large powers are the comparatively large size
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of gas reservoirs and the possibilities of losing the pressure

in them.

The difficulty of regulation of speed will disappear

probably with experience, since owing to land require-

ments being for constant speed engines little attention has

been given to this point.

In the matter of size, progress, no doubt, will be slow.

The largest power in a single oil engine cylinder con-

structed at the present time is 160 brake-horse-power, and

so far as is known this size has only been attained in the

Diesel and Hornsby engines, both of which types can use

liquid fuel. By multiplication of cylinders much larger

powers will of course be obtained, and so long as oil

engines are made to work on the four -stroke cycle, that

is to say, giving only one working stroke per cylinder

every two revolutions, probably not less than four cylinders

will be required on one shaft to ensure readiness of starting

and a fairly uniform turning moment. Assuming, therefore,

that the difficulties referred to can be overcome satisfactorily

in large sizes, there are great possibilities for the use of

the oil engine for propulsion. Some saving in weight

may be expected over an ordinary steam installation, and

considerable saving in space owing to absence of boilers.

There will also be a large reduction in the weight of fuel

carried, and a very large saving in personnel; while owing
to the higher efficiency of the oil engine, the cost of fuel

will not be greater, if a cheap fuel oil is procurable.

When used as auxiliary engines for ships the difficulties

are not so pronounced as when used for propulsion, and they
consist principally in reducing the weight of the engine and

the space occupied ; moreover, the advantages in economy
are greater since the steam consumption of the auxiliary

steam engines is increased by steam-pipe and other losses,

which losses have no counterpart in the oil engine.

As an instance of this, it has been shown by trial of a
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Hornsby oil engine coupled to a dynamo that 12 cwts. of

liquid fuel consumed in the engine was sufficient to light

the ship on which the engine was fitted for 24 hours,

whereas a similar electrical output from a steam - driven

dynamo required the expenditure of 3$ tons of coal per

day.

There appears to be a tendency, on warships at least, to

extend the application of electrical power for auxiliary work,

and where only a limited quantity of liquid fuel can be

carried the adoption of some form of oil engine for dynamo
driving appears to be more economical than burning the

liquid fuel under the boilers. Further, the oil engine with

electrical power enables steam to be dispensed with in harbour,

so that boiler cleaning and repairs and the making good of

defective pipe joints can be the more readily effected. In

this respect the oil engine becomes a valuable auxiliary to

the boiler, enabling it to be kept ready for immediate service.



CHAPTER VI.

I. PRODUCTION OF HEAT.

67. Total Efficiency of a Boiler. Sub-division into Furnace

Efficiency and Utilisation of Heat. The efficiency of a boiler

is determined from the results of trials with a fuel of known

calorific value. If, for example, we take the case of the old

rectangular boiler which evaporated 8.5 Ibs. ofwater per pound
of coal, at a pressure of 28.4 Ibs., we find that the thermal

units expended were 9,680, assuming that the feed-water was

at a temperature of 50 Fahr. and that the dryness fraction of

the steam is i. The calorific value of Anzin coal being equal

to 16,560 thermal units, the efficiency of the boiler is thus

58.4 per cent. With the modern boiler evaporating 9.6 Ibs.

of water at a pressure of 114 Ibs., the efficiency under the

same conditions would be 67 per cent. Taking into account

the fact that steam produced by a cylindrical boiler contains

about 4 per cent, of water, the actual efficiency of tubulous

boilers may be stated as being about 65 per cent. For any
boiler the efficiency can be determined by an evaporative

test similar to the tests made on coals purchased for the

French Navy.
The efficiency of a boiler is the product of two distinct

factors, the first expressing the degree of completeness of

combustion in the furnace and smoke-box, the second being
the quantity of heat transmitted to the water.

The combustion in a boiler, neglecting the coal lost with

the ashes, can never be as complete as in the pure oxygen
of Berthelot and Vieille's bomb calorimeter, because the flame

175
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is always extinguished too soon by being prematurely cooled

down. It is generally admitted that a boiler can never utilise

more than 14,000 thermal units instead of 16,560 thermal

units, which gives a maximum efficiency of 85 per cent.

Upon this point there is only the analysis of the flue gases to

rely upon. It is likely that in certain tubulous boilers with

very small combustion - chambers the foregoing figure is

never reached, while in others it may be exceeded.

The proportion of heat actually utilised can be estimated

when the temperature of the furnace and that of the gases at

the base of the funnel is known. If, for example, the furnace

temperature is 2,912 Fahr. (which is a maximum value),

and the temperature of the outgoing gases is 572 Fahr.

(which is a minimum value), when the temperature of water

and steam is 392 Fahr., and the atmosphere 60 Fahr.
;
the

C 'TO 60
loss of heat is then - or 18 per cent., neglecting

2,912 60

the latent heat of the steam contained in the gases.

The funnel temperature is often as high as 662 Fahr.,

752 Fahr., or even higher. The loss of heat in the funnel

may be increased in two directions. Firstly, by a high

temperature in the funnel, which may be due to an inefficient

boiler or incomplete combustion, and secondly, by a lower-

ing of the furnace temperature due to an excess of air in

the furnace.

To the loss by the hot gases passing out of the funnel

must be added that due to radiation and conduction, which

is difficult to estimate, but which may be taken as about

5 per cent, on a well-lagged tubular boiler
; finally, there

is the heat carried away by the cinders falling into the

ashpit.

The total heat transmitted to the water may be estimated

at 75 per cent.

Combining the two efficiencies of 85 per cent, and 75 per

cent, gives a value for the total efficiency of very nearly 65 per
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cent., which was previously mentioned as that of the tubular

boiler used in the coal-tests.

In tubulous boilers the efficiency of the furnace varies

considerably according to the different types. On the other

hand, the heat utilised has sometimes been very small, and it

is no uncommon thing for the base of the funnel to become

red hot. Great progress has been made in each of these two

directions, but sufficient data are not yet to hand to enable a

universal rule to be established. The following figures show

the utilisation of heat in a Mosher boiler, experimented upon
in America :

Heat utilised in evaporating the water . . . .
* 76*0

Heat lost in the funnel . . . . . . . 13 '0

Heat lost in radiation ......... 9'1

Heat lost in the cinders and by the evaporation of the water in

the ashpan . . . 1
-

9

Total heat of combustion .

'
. . . lOO'O

Radiation is greater and more difficult to overcome in

tubulous than in tubular boilers.

68. Quantity of Air required for the Complete Combustion of

Coal. Loss of Heat due to Excess of Air. The quantity of air

theoretically necessary for the complete combustion of i Ib. of

coal is easily calculated when the chemical composition of the

coal is known. Let us assume that this coal contains 85 per
cent, of pure carbon and 5 per cent, of hydrogen, the remain-

ing parts being made up of other constituents, including

oxygen. Atmospheric air containing 0.0187 Ib. of oxygen

per cubic foot, 142.6 cubic feet of air will be required for the

complete combustion of i Ib. of carbon, and 427.8 cubic feet

for the combustion of i Ib. of hydrogen. The coal we are

dealing with would then require 121.1 cubic feet of air to

consume the carbon and 21.39 cubic feet for the hydrogen,

making in all 142.5 cubic feet or 11.15 Iks. of air per pound of

coal burnt.

The actual burning of the coal in the grates, which will be

M
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described later, requires the presence of a considerably larger

quantity of air than is given by the preceding considerations,

though the precise amount required in excess is unknown.

Some experiments made in 1873 at Indret by M. Joessel on

the old type of boiler with natural draught gave him the

following results :

Coal burnt per square foot of grate\
per hour .... Ibs.J



vi.] LOSS OF HEAT DUE TO EXCESS OF AIR 179

According to these figures the ratio of the quantity of air

actually supplied to the amount theoretically necessary is, in

round numbers, 2.5 with natural draught and a combus-

tion of 20.5 Ibs., 2 with forced draught and a combustion of

30.75 Ibs., and 1.75 with forced draught and a combustion

of 41 Ibs.

Much higher rates of combustion have been obtained

since these experiments, but no observations with regard to

the actual consumption of air have been made.

It has long been known that an excess of air in the

furnaces is necessary to ensure complete combustion. Con-

siderable advantage has been found in admitting air above

the grates. These currents of air, which are admitted partly

through the fire-doors and partly through the furnace bridges

slightly diminish the draught above the grate, and conse-

quently the passage of air through the coal and the amount

of coal burnt. But by ensuring more complete combustion,

the power of the boiler is appreciably increased. The velocity

of air admitted to the furnace, and which has not to pass

up through the fire, easily reaches 40 to 50 ft. with natural

draught, so that only very small openings above the grate

are necessary.

In cylindrical return-tube boilers one-third of the total

quantity of air may with advantage be admitted above the

grate, an amount which is equal to one-half of the volume

of air passing through the grates.

The presence of air in excess of that necessary to support

complete combustion and which passes up the funnel carries

with it a large amount of heat. The specific heat of the

gases at constant pressure being about 0.23, each cubic

foot of air admitted in excess per pound of coal burnt and

passing out at 572 Fahr. carries with it :

(0 i.3x(572-32)xo.23=i6i B.T.U.

or more than i per cent, of the total heat produced.

The combustion of i Ib. of coal by 19.5 Ibs. of air
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produces 20.5 Ibs. of gas with a specific heat of 0.23. The

temperature of the hot gases is then about 3,000 if the

quantity of heat produced is equal to 14,040 B.T.U. No
account is here taken of the fall in temperature of the gases
due to the abstraction required for the production of steam.

The 20.5 Ibs. of gas passing out through the funnel at a

temperature of 572 carries off 2,650 B.T.U.
,
or 18.8 per

cent, of the heat produced, which agrees very closely with

the figure given in paragraph 67 obtained by another method

of calculation.

69. Combustion of Coal. Chemical Reactions. Temperature

of the Flame. Let us now consider what takes place upon a

grate covered by a fire of uniform thickness. The coal

burnt per hour and per square foot depends upon the

amount of air which passes through the fire and the depth

of coal on the grate.

For any given thickness of fire the rate of combustion

increases with the draught, and experiment has shown that

within the limits of natural draught it is nearly proportional

to the volume of air supplied. Combustion would then be

complete, and the composition of the flue gases would be

constant.

For any given quantity of air the rate of combus-

tion increases with the thickness of the fire until the whole

of the oxygen in the air is combined with the carbon

in the coal.

Passing now to the consideration of forced draught,

and assuming that it is proposed to burn a certain

quantity of coal per hour, the usual conditions of stoking

are as follows.

The thickness of the fire is in practice fixed within certain

well-defined limits, because it cannot exceed the maximum
thickness beyond which the grate will become choked and

the combustion incomplete, nor can it fall below a certain
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limit depending on the amount of coal to be burnt. As

complete combustion depends on the quantity of air passing

through the furnace, directly the thickness of coal on the

grate is in excess of the maximum quantity beyond which

combustion becomes incomplete, choking of the grate rapidly

takes place. A reduction in the supply of air is thus

coincident with an excess of the coal supply. No exact

measurements have been made of the thickness of fire

giving a maximum combustion at various draughts. In

practice 6 ins. to 8 ins. mean thickness is never exceeded

in ships when burning from 20 to 40 Ibs. With higher

rates of forcing a thickness of 8 ins. and above may be

allowed, but good stokers usually prefer to keep a thin

fire for the reasons given above.

Combustion takes place in the following manner. The

lower surface of the coal receives the current of air and very

active combustion takes place, resulting in the formation

of carbonic acid
;

the temperature reaches at least 2,700

Fahr. The flame is white-red in colour. As the current

of gas rises it contains a constantly increasing proportion

of carbonic acid, which is decomposed by contact with the

incandescent fuel, thus :

(2) CO2 + C = 2 CO.

Combustion continues at the expense of the oxygen still

contained in the gas, but producing carbon monoxide as

soon as the oxygen ceases to be in excess. The temperature

corresponding to these reactions is much lower than the

preceding one. As the current rises, the air, which is still

being gradually deprived of its oxygen, encounters the green
or newly-charged coal

;
here the volatile hydro-carbons are

being given off in long thread-like streams of gas and the

temperature falls yet lower. On the upper surface of the

coal the movement of the flames increases the contact

between the remaining oxygen and the combustible gases,
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carbon monoxide and the hydro-carbons ;
at the same time

a new influx of air through the apertures in the fire-doors

causes a great increase in the intensity of combustion.

In order to ensure good combustion a large combustion-

chamber is needed
; this is met with upon cylindrical

return-tube boilers, though even here the dense volume of

smoke given off when the furnaces are freshly charged, and

the deposit of soot in the tubes, show that the combustion

is far from perfect. On boilers with the tubes leading
direct out of the furnace the conditions are even worse.

Upon the earlier Belleville and Niclausse boilers the

combustion-chamber was reduced to practically nothing,
and consequently a large excess of air, such as is furnished

by forced draught, was absolutely necessary. Upon recent

boilers, with accelerated circulation, the height of the

furnaces has been much increased in order to give ample

space for the proper mixing of the gases, and the combustion-

chambers have been lengthened.

70. Combustion of Petroleum. If the principles enun-

ciated above with reference to the combustion of coal be

applied to the combustion of petroleum it will be found

that a pound of the latter composed of .85 Ib. of carbon,

.14 Ib. of hydrogen, and .01 Ib. of other constituents requires

the following proportions of air.

121 '2 cubic feet of air for the carbon
59 '9 cubic feet of air for the hydrogen

181'1 cubic feet in all.

If the mixing of the combustible and the oxygen be

very complete, the excess of air necessary for perfect

combustion may be reduced. By adding an excess

of air in the proportion of about 1.3 to i, that is to say,

allowing 231 cub. ft. or 18.7 Ibs. of air per pound of

petroleum, complete combustion can be obtained with a
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consequent disappearance of smoke, a result which, in the

case of coal, could not have been secured without a con-

siderable excess of air.

Under these circumstances, the theoretical temperature

of the flame, deducting the heat turned to account before

the completion of combustion, is :

(,8. 7 + x 0.33

If the gases could be passed out, as in the case of coal,

at a temperature of 572 Fahr. the loss of heat through the

funnel, assuming an atmospheric temperature of 60 Fahr.,

would then be

572 60 = ii.o per cent.
4,368-60

only of the total heat, which represents an increase in the

proportion of heat utilised as compared with coal, of

1811.6= 6.4 per cent.

Moreover, there is a further gain of 1.9 per cent., which

in the case of coal would have been lost in the ashes or

in the cooling of the ashpits. The heat turned to account,

estimated above as 75 per cent., would, in the case of

petroleum, amount theoretically to

(4) .75+ .064 + .019= .833 or 83.3 per cent.

This figure would be the total thermal efficiency if, as

has been assumed, combustion were complete, and the

efficiency of combustion equal to unity. The relative heating

value of petroleum, as compared with coal, would thus be

increased, by good combustion and good utilisation of heat

in the ratio of:

(5) =1|
3 = '-*8 -

'

becoming thus

(6) p= i. 2ox 1.28=1.53.
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It has, however, been found by experiment that the

value of p only equals 1.33 and that of /* equals i.n.

That is to say the result of experiment is, as pointed

out in the preceding chapter, that the relative heating values

of petroleum and coal are nearly proportional to their calorific

values.

The value 1.28 obtained for /^ is undoubtedly exaggerated,

owing to the small total thermal efficiency of 65 per cent,

which has been taken for heating by coal alone. Neverthe-

less, the decrease in
/x,

even supposing it to be less than

17 per cent., proves the impossibility of attaining the

perfect combustion and utilisation of heat assumed. The
causes of this loss are due to the nature of the petroleum
flame.

In the first place, the flame of petroleum having only
a feeble radiating power compared with that of coal, the

evaporative value of the direct heating surface of coal-

fired boilers is lost. To make up this loss by conduction,

it would be necessary to increase the heating surfaces of

the tubes to an inadmissible extent.

In the second place, "the petroleum flame is of consider-

able length, unless it is shortened by a suitable arrange-
ment of the burners and by heating the oil previous to

injection ;
combustion only becomes complete after the

gases have passed some way across the tubes towards the

funnel. There is thus a risk of early extinction of the

flame followed by relighting in the funnel. The following
are the causes of this :

On leaving the burners a series of complicated chemical

reactions takes place during which heat is absorbed and not

given out. The jet remains cold for a certain length. A
little further on combustion commences, the jet becoming
highly luminous, due to the particles of incandescent carbon.

Combustion, more or less rapid, according to the complete-
ness of the mixture of the gases and the air, requires a
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certain time, /, for its completion, during which the jet moving
at a high speed, U, traverses a length

(7) L = U/,

which may be several feet. If the course of the hot gases

through the boiler is very short they may have reached the

up-take before combustion is complete, in which case the

efficiency of combustion or the utilisation of heat is pre-

judicially affected.

Owing to the length of the flame and the absence of

radiating power a long furnace is necessary, and considerable

length of travel should be allowed to the hot gases.

71. Combustion of Petroleum and Coal in Mixed Firing. In

mixed firing the conditions of combustion for each of the

two fuels are modified by the presence of the other. The

combustion efficiency of the coal is markedly increased, and

the utilisation of the heat in the case of petroleum is better

because the quantity burnt is much less.

The principal improvement is due to the more intimate

mixing of the flames from the coal by the jets of atomised

petroleum. Though the combustion upon the grate may
be incomplete, the combustion in the furnace is nearly

perfect, however small the quantity of oxygen in excess

of that theoretically necessary, and however restricted the

grate area. Moreover, the excess of air which passes

through the interstices of the grate and of the coal is utilised

for the combustion, either of the hydrogen and of the carbon

monoxide of the coal, or of the atomised petroleum. In

this way, by regulating the amount of air passing through
the ashpit, that entire absence of smoke, which is the best

index of complete combustion, can be ensured.

If the proportion of petroleum to coal is low, say one-

fifth, the proportionate heating value of the petroleum, as

compared with the coal, is very high. Taking 5 Ibs. of coal,
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each developing in the furnace 16,560 B.T.U. with perfect

combustion, instead of 14,000 B.T.U. with imperfect com-

bustion, 12,800 B.T.U. are gained ;
at the same time, the

pound of petroleum which obtains all the oxygen necessary
for its combustion from the excess of air which accompanies
the 5 Ibs. of coal, gives its own calorific value of 19,800

B.T.U., assuming that no deductions are made. This figure

of 32,600 B.T.U., which is evidently too high, then gives

the relative heating value of petroleum as compared with

coal, as

/Q\ 32,600
(8)

- = 2.33 times.
14,000

The limit of perfect utilisation of the air is met with in

a proportion of petroleum to coal of about one-third, for

which the usual excess of air of 64 cub. ft. per pound of

coal provides the 181.1 cub. ft. necessary for the petroleum.

The relative value of petroleum to coal calculated as

above is then

/ % 2,560x3+19,800 ,.

(9)
- = 1.96.

14,000

These figures represent maximum theoretical values

which it is not possible to attain in practice.

With a higher proportion of petroleum these values

diminish rapidly. With a consumption of petroleum equal

to half that of coal the figure of 1.77 appears to be the limit,

and this was approached in some of the experiments made

at Indret upon mixed firing.

The values of 3 and above, which have at times been

obtained for the relative value of petroleum, as the result of

experiments of short duration, cannot, with the proportions

of petroleum to which they relate, be justified theoretically

by any hypothesis, and must be regarded as inaccurate.

It will be seen in the next paragraph that, with mixed

firing, the assumption that all the oxygen is consumed is

far from being borne out in practice,
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72. Smoke and its Analysis. The only indication as to the

completeness of combustion is given by the smoke. Thick

smoke indicates incomplete combustion, and is caused by the

too sudden cooling of the gases before the hydro-carbons
have been burnt. The analysis of the gases is easily

carried out by means of the Schloesing and Orsat apparatus,

which gives very reliable results, and from which practical

deductions can at once be made. The process consists in the

consecutive treatment of a certain volume of the flue gases,

with the following liquids taken in order: (i) A solution

of caustic potash ; (2) a solution of caustic potash and

pyrogallic acid ; (3) a solution of ammonia and ammonium
chloride in the presence of metallic copper. The caustic

potash absorbs the carbon dioxide present, the second

solution combines with the oxygen, and the third solution

effects the removal of carbon monoxide. The residue

consists of nitrogen, the water vapour having already been

condensed before the gases reach the testing apparatus.

The proportion by volume of free oxygen to carbon

dioxide enables the ratio of the total volume of air passing
into the furnace to the volume of air utilised for combustion

to be obtained. The exact value of this ratio neglecting the

carbon monoxide and water formed would be :

~cor~ co;
and the equation, giving the proportion of oxygen to nitrogen
in the air by volume is :

C02 + 20.8

N "79.2
The ratio (10), which is the more useful one, varies of

course with different samples of gases ;
it becomes smaller

as the intensity of combustion increases, as we have already
seen in paragraph 68. When the sample taken contains

8 per cent, of oxygen with a combustion of 20 Ibs. per

square foot of grate, or 5 per cent, of oxygen with a
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combustion of 40 Ibs. per square foot of grate, it can be

safely said that either the layer of coal is too thin or the

draught is too great, so that a thicker layer of coal should

be used or the draught should be reduced. When from i to

2 per cent, of carbon-monoxide is present, the layer of coal

is, on the contrary, too thick, and in order to obtain a good

result, the draught should be increased, or a thinner fire

employed.
If an excess of unburnt oxygen is combined with an

excess of carbon monoxide, then the furnace arrangements
are defective, and the boiler cannot yield economical results

until some improvement is effected in the rate of combustion.

The following table gives the results of analysis of

gases taken from the Belleville boilers of the Furieux, tried

in 1899, and fitted with economisers :

Coal burnt

per sq. ft.
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petroleum burner and steam atomiser, the following results

were obtained :

Per sq. ft. of '

Air-pressure

grate. in ins. of



i 9o MARINE BOILERS [CHAP.

2. TRANSMISSION OF HEAT TO THE WATER
AND TO THE STEAM.

73. Transmission of Heat. General Principles of Conduction

of Heat. The transmission of heat from the furnace gases

to the water takes place through the metal forming the

heating surface in the three following stages :

(1) From the gases to the heating surface.

(2) Through the thickness of the metal separating the

gases from the water.

(3) From the surface of the wall in contact with the

water to the water itself.

We have then to examine :

(1) The temperature of the hot gases, T.

(2) The temperature of the heating surface next the

fire, Tr
(3) The temperature of the heating surface next the

steam or water, tr

(4) The temperature of the water, or saturated steam, /.

We know the law of transmission of heat through metal.

(12) Q.c| .

-

Q being the number of heat-units traversing per second

a unit section of one square foot.

C is the coefficient of conductivity of the metal.

the difference in temperature Tl
f
1
.

e is the thickness of metal in inches.

The following are the values of C for lead, iron, copper,

and silver, according to Wiedmann and Franz.*

Lead 0'092
Iron 0'129

Copper. .... -746

Silver 1.081

* For iron Newstad gives 0.131 and Angstrom 0.1322.
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These coefficients of conductivity are sometimes ex-

pressed in terms of the conductivity of silver.

Little is known with regard to the conductivity of the

deposits which often cover metallic surfaces, save that, as

a general rule, they are extremely bad conductors of heat.

The transmission of heat between the hot gases and the

walls, and between these and the water, is regulated by
unknown laws. It is, however, known that it is not effected

by conduction, as fluids conduct very badly, but by con-

vection
;
that is to say, heat is carried away by the particles

of fluid which succeed each other in contact with the metal.

Continued movement of the fluid is therefore necessary. It

is also known that heat passes more readily between the

water and the metal than between the hot gases and the

metal 3,500 times more readily, according to Mr Milton

of Lloyd's. This figure is, however, only partially justified

by the difference between the conductivities of water arid

.gases, which are estimated as being 0.00155 in the former,

and 0.000045 in the latter case, silver being taken as unity.

It follows, from the great difference between the con-

ductivities of water and the hot gases, that, whatever their

true values may be, ^ differs very much less from / than T
l

does from T, and as T
l
and ^ differ very little from each

other, the temperature of the containing walls of the boilers

under normal conditions approaches very nearly to that of

the water. Any cause which tends to prevent the trans-

mission of heat to the water, tends also to increase T
x
and tr

As the value of in equation (12) is unknown, this

equation is of little use until Q is known, when it may be

used for calculating the value of 0.

The only difference of temperature that can be measured

(and even then only approximately) is

= T - /.

Q can only be determined experimentally as a function

of 6.
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Mr Blechynden experimented upon a small boiler having
a definite heating surface in contact with the hot gases of

known temperature ;
he measured T, t, and the amount of

water evaporated, from which he obtained the value of Q.
These experiments, made with different surfaces and

thicknesses of metal, gave results which showed that the

following law held very generally :

(13) Q = K e,

K being a constant for the same surface in contact with the

flame whatever the value of Q.

Formula (13) being accepted, it is easy to find the value

of K for the whole of the heating surface of a boiler, the

evaporative power of which is known.

Let us take the case of a boiler in which each pound of

coal burnt produces 14,040 B.T.U., distributed amongst 20.5

Ibs. of gas at 3,000 Fahr., which pass out at a temperature
of 572 Fahr., abstracting 2,650 B.T.U., and let us assume

that the temperature of the water and steam is 392 Fahr.

Assuming, finally, that the combustion is 20.5 Ibs. per

square foot of grate, and the ratio of heating surface to grate

surface is 40, we can now proceed to determine Q.
If Q be the total quantity of heat transmitted by one square

foot of heating surface, the quantity of heat passing through
a small surface, ds, is equal to Q ds

;
the decrease in tempera-

ture, dQ, of the 20.5 Ibs. of gas, taking into account its

specific heat, 0.23, will be given by the following equation :

^e = Q ds = Q*-
20.5 x 0.23 4.715

Replacing Q by K Q2
(formula (13)) we obtain

K6*j&
d8 =

4-7I5

K
4-715

04) '

ds.
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in which S is equal to 1.96 sq. ft. of heating surface, corre-

sponding to a grate surface of 0.049 sq. ft. for i Ib. of coal

burnt per hour.

Assuming the limiting values of 9, that is, T t, to be

2,642 and 1 80 we obtain

i i K x 1.96

180 2,642
"

4.715
'

which gives
K = 0.0125.

The quantity of heat which passes per square foot per
hour is then

(15) Q = 0.0125 62

in every part of the boiler.

In the furnace, for 6 = 2,642

Q = 79,380 B.T.U.

At the entrance of the tubes at the tube plate, for 9 = 900

Q = 10,125 B.T.U.

At the other extremity of the tubes, for 9 = 180

Q = 405 B.T.U.

From these values of Q, the corresponding values of

can be calculated by formula (12), care being taken to divide

Q by 3,600, as the second is taken as the unit of time.

It is found that, in the furnace, for a thickness of metal

equal to i in.,

(16) e = Of = 90 Fahr.
\-s

It will be seen from the law stated in formulas (2) and (3)

that, with a moderate rate of combustion, and a temperature
of the outgoing gases not above 572 Fahr., increasing the

heating surface beyond forty or fifty times the grate surface

has scarcely any effect. This agrees with the results of

previous experiments.

As a matter of fact, the gaseous products of combustion

in contact with the furnace plates never attain a temperature
of 3,000, but the radiation from the solid mass of incan-

N
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descent coal easily reaches 87,810 B.T.U. per square foot of

these plates, that is to say, 30 per cent, of the total heat of

combustion, and even more. No experimental data are

available for the evaporative power of the furnace plates

of an ordinary marine boiler. The examination of the

efficiency of the heating surface, which forms part of the

furnace, is separately dealt with in paragraph 77, where we

find verification of the rapid diminution of Q as shown by
the preceding calculations, and also that no advantage is

gained by increasing the heating surface S above 40 to 50

times the grate surface G. An interesting experimental
verification of formula (15) is given below.

Geoffrey, in 1860-64, measured the evaporative efficiency

of the different parts of a locomotive boiler composed of

segments placed end to end, the tubular portion in particular

being composed of four segments. With a moderate fire,

corresponding to a combustion of 20.5 Ibs. of coal per square

foot of grate per hour, the evaporation was 996 Ibs. in the

first segment through which the gases passed, and only

128 Ibs. in the last one
;
the ratio between these two figures

is equal to 8. But supposing that the difference of

temperature, 6, varied regularly from 900 to 180 between

the first and last segment, it would have a mean value of

810 in the first segment, and 270 in the last, which gives

9 as the ratio between the two values of 2
. This agrees

fairly closely with the ratio obtained from the evaporation.

More complete experiments than those of Geoffrey have

been made since then by the Paris-Lyons-Mediterranean

Railway Company. The principal results are given in

paragraph 77.

For tubulous boilers it is known that, according to an

experiment made by Watt, on the type having free circula-

tion, the row of tubes with which the flame first comes in

contact accounts for 60 per cent, of the total evaporation.
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74. Importance of Cleanliness of Heating Surface. The

cleanliness of the heating surface has a great effect on the

value of that surface for transmitting heat, and therefore

the numerical value of K (formula (13), p. 192) varies

considerably with the cleanliness of that surface. In the

experiments made by Mr Blechynden upon a vessel with

polished surfaces and containing water, K varied from

0.016 to 0.034, according to the thickness of the shell ;

the mean value of K in English units was 0.024, which

corresponds to 0.021 in French units. An ordinary

cylindrical boiler, in good condition, with thick furnace

plates and thin tubes, will only transmit

O.OI2">- = 52 percent.
0.024

of the total quantity of heat which passed through the well-

cleaned and even planed, though not polished, surfaces of

Mr Blechynden's experimental cylinder. As soon as the

plates are fouled, either by deposits of lime or, especially,

of grease, the transmission of heat from the boiler plate to

the water is considerably reduced. This is indicated by
the rise in temperature of the plate.

Although the plates should be clean, their surfaces

should be rough and not polished, as they then conduct

heat much better, and absorb the heat given out by radiation

more readily. In their experiments in the Mechanical

Laboratory at Charlottenburg, Wiebe and Schwirrus found

that polishing the surface of a metal decreased its ability

to transmit heat to water.

They also studied the effect of the nature of the metal

and the temperature on the coefficient K
;
an unexpected

result from the Charlottenburg experiments was the dis-

covery that at high temperatures heat was better transmitted

by the surface of iron than by that of copper.
The insulating action of the scale, which, was always

met with in the old types of boilers fed with sea-water,
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has been measured by M. Hirsch at certain parts of the

furnaces in a case where the evaporation was very high,
and mounted to over 40 Ibs. per square foot of grate. The
fall of temperature between the water and the wetted surface

of the plate was found to be 140 Fahr. with a clean plate,

193 Fahr. when the plate was covered with a layer of scale

.04 in. in thickness, and 506 Fahr. when the thickness

of the layer was .20 in.

Sir John Durston, the Engineer-in-Chief to the Admiralty,

made, in 1893, some researches on the heating of the walls

due to the water not being long enough in immediate contact

with them. These researches were undertaken with a view of

discovering the cause of several boiler failures which had taken

place, and the reasons for which were not apparent. The

following figures are some of the results of his experiments.

When heating water in an open vessel, made of iron 0.5

in. in thickness, the temperature of the fire varying from

2,190 to 2,500, the temperature of the bottom of the vessel

was 280 when the surface was clean
;

it rose to 310

when 5 per cent, of mineral oil was mixed with the water.

When the bottom of the vessel was covered with a coating

of grease, .048 in. thick, the temperature increased to 518.

When the non-conduction of heat is the result of the

formation of bubbles of steam, which are worse conductors

even than grease, the result is yet more marked. Sir John
Durston measured, by means of fusible alloys, the tempera-

ture of the tube-plate of a direct tube or Admiralty boiler,

working under forced draught, and burning 92.2 Ibs. of

coal per square foot of grate per hour, the air pressure

being 3 ins. The maximum temperature of the hot gases

was 3,090, and that of the water 356. The temperature of

the tube-plate was found to be 1,060 upon the outer surface,

and 716 in the centre of the thickness of metal. It will be

seen from these figures that the formation of a steam-pocket

may easily lead to the burning of the tube-plate.
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When the conduction of heat is prevented by a deposit

of soot upon the outer surface of the shell, the results

become disastrous as regards the transmission of heat to

the water, as the obstacle is on the side of the shell where

the resistance to conduction is already excessive. As soon

as the deposit of soot becomes at all considerable, the

marked falling off in power of the boiler shows that the

tubes require cleaning. The coating of soot acts as a

preservative to the parts of the boiler in contact with the

flame
;

it causes the loss of units of heat, but reduces the

risk of overheating.

75. Transmission of Heat by Convection. The efficiency

of a heating surface depends upon the rapidity with

which the particles of water in contact with it succeed one

another.

As regards convection, tubulous boilers appear to be

particularly suitable, especially if the tubes are arranged
in a zigzag form

;
but the difficulty of directing the heated

gases through each passage between the tubes frequently

counteracts this advantage.

The inferiority of the ordinary plain boiler tubes in

cylindrical boilers, can be decreased by the use of Guebhard's

spirals or retarders, which are flat strips of metal twisted

into a spiral form, and placed inside the tubes so as to

cause the gases to take a helical course along the tube.

Or else this inferiority can be diminished by the use of

Serve tubes, which are fitted with longitudinal and radial

webs on the interior of the tube, and so abstract the heat

from the centre of the hot gases passing through the tube.

On the water side it is as necessary to get the heated

particles of .water away from the heating surfaces as it is

on the fire side to get the gases that have been cooled by
contact with the cold walls away from them. M. Ser

has made some experiments on steam in a copper tube
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heated by a current of water of variable velocity.* The
difference of temperature between the fluid on the inside

and the outside of the tube was maintained constant.

The quantity of heat Q from the equations (13) and (15)

were, for the different velocities of water, as follows :

V
in feet
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unit of time and per unit of area from the interior heating
surface of a boiler varies from point to point.

Independently of other causes, this great difference pro-

ceeds from the radiation of heat from the burning fuel,

which, though not great in the case of a flaming coal, is

considerable when the furnace is burning a non-flaming fuel,

such as coke, and is also very noticeable when the fire has

been left uncharged for some time. Looked at from this

point of view, the heating surface may be divided into two

parts, direct heating surface and indirect heating surface,

the former being the surface which is directly exposed to

the grate. An analogous subdivision is used in cylindrical

tubular boilers, the fire-box and combustion-chamber being
the direct, the tubes the indirect heating surface.

Convection exercises a considerable influence on the

flames as well as on the water, the furnace - crowns in

particular being subject to very intense heating above the

furnace-bridges, on account of the rapidity of movement

of the hot gases.

The efficiency of the heating surface diminishes rapidly

as the distance from the fire increases
;

in fact, when a

certain limit is reached, the addition of further heating

surface has no influence upon the power of the boiler, as

was shown by Geoffrey's experiments mentioned above,

and as we shall see in detail further on.

For all these reasons the addition of extra heating surface,

beyond a certain figure, will not add to the evaporative power
of a boiler, and may even reduce it by lowering the velocity

of the gases. The evaporative power of the added surface

is so small that there is practically no increase in the total

calorific efficiency.

It is generally admitted that for boilers intended to be

worked by natural draught, the heating surface should be

about thirty-five times the grate surface, the tubes comprising

four-fifths of this area. This proportion is well suited for
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the combustion of 12 to 22 Ibs. of coal per square foot of grate ;

as much as 33 Ibs. of coal can be burnt and 8.5 Ibs. of water

evaporated per pound of coal if the boiler is free from scale.

With forced draught the proportion of heating surface

to grate surface should be between 45 and 50 in order to

obtain a combustion of from 41 to 51 Ibs. of coal per square
foot of grate; nothing is gained by exceeding this propor-

tion, even if the draught be increased.

Given the heating surface S and the grate surface G,

the rate of combustion with a fairly high efficiency is deter-

mined by the empirical formula.

(:8) C = K

Making
K = O.O225

we get

g C = 27.6 ibs. per square foot of grate
for = 35,

and
= 45.6 Ibs. per square foot of grate

r S
for =

45.

If all the values of C given by formula (18) are adopted,

the heat turned to account sensibly diminishes, when the rate

of combustion reaches or exceeds 40 Ibs. per square foot of

grate. An attempt to obtain a constant efficiency would

need an amount of heating surface unattainable in practice.

The heating surface referred to here, and which should

always be employed when stating the ratio of heating surface

to grate area, is the surface in contact with the flame. In

the case of tubular boilers this is the inside of the tubes,

and in the case of tubulous or water-tube boilers it is the

outside. It is this surface which offers most resistance to

the transmission of heat.

77. Experimental Determination of the Relation between

Heating Surface and Evaporation. No accurate experiments
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have ever been carried out on the different forms of tubulous

boilers used afloat to determine the extent to which the

evaporative power varies with the heating surfaces. At Indret,

more than forty years ago, the effect of stopping part of the

tubes was tried, and the result was much more noticeable on

the efficiency of the boiler than on its actual power.

In locomotive boilers, as shown in paragraph 73,

M. Geoffrey measured the distribution of the evaporative

power over different parts of the heating surface, showing

fairly exactly the effect of lengthening and shortening the

tubes.

More recently M. Henry, the locomotive superintendent

of the Paris-Lyons-Mediterranean Railway, carefully repeated

Geoffrey's experiments, with this difference, that he measured

the total evaporation with tubes of different lengths, and not

the evaporation in different parts of the tubes. He thus

determined the effect produced by the removal of part of the

tube upon the intensity of combustion as well as upon the

evaporative power of the part retained.

M. Henry varied in his experiments the length of the

tubes and the draught. His boiler, which was similar to

M. Geoffrey's trial boiler mentioned in paragraph 73, consisted

of a furnace fitted with removable ferrules
;
tubes of nine

different lengths, ranging from 6 ft. 6 ins. to 23 ft., could

thus be used. The boiler was worked at pressures of i in.,

1.8 ins., and 2.9 ins. of water.

The grate surface, A, was about 26.9 sq. ft., its horizontal

projection being 24.1 sq. ft. The heating surface of the

furnace was 108.9 sq. ft.
;
the internal heating surface of the

tubes varied from 575.6 to 2,015 sq. ft., which gives values

of 25 to 79 for the ratio of heating surface to grate surface.

The other data were :

Number of tubes 185
External diameter of the tubes 2 ins.

Total area through tubes 3 '31 sq. ft.

,, ,, ferrules , 2'03 sq. ft.
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In order to obtain the highest possible efficiency the thick-

ness of the fire in these experiments was varied with the

draught, and the average thickness appears to have been some-

where about 10 ins. When the fires required charging, the

fall of temperature in the smoke-box caused a thermometer to

make an electrical contact and ring a bell in the stokehold.

The draught, produced by a steam jet, was measured by
the difference in pressure between the ashpit and smoke-box.

The steam used by the jet was not measured.

The waste gases were analysed by means of Orsat's

apparatus.

The results required for purposes of comparison are

summed up in the following Table :

Length of Tubes ... ft.



vi.] HEATING SURFACE AND EVAPORATION 203

With perfect combustion 14,190 B.T.U. per pound of fuel

would have been developed. Mariemont briquettes, which are

similar in composition to Anzin briquettes, were used as fuel.

It will be noticed that the efficiency of combustion

estimated from the carbon acid and the ashes and soot,

diminished as the draught increased. The diminution was,

however small, and independent of the length of the tubes.

The heat turned to account diminished, as shown by the

values for the total heat efficiency in the above table, when the

draught was increased or the length of the tubes decreased.

The evaporative power of the boiler at all draughts
reached a maximum with a length of tubes of about 13 ft.

corresponding to a ratio of S to G of 47. At the high rate

of forcing of 2.95 ins., the most favourable ratio of S to G was

about 57. For a given draught the loss of evaporative power
due to either insufficient or excessive length of tubes has not

been much more than 10 per cent.

The total heat efficiency reached extraordinarily high
values with tubes 19.7 ft. and 23 ft. in length.

The efficiency was remarkably high, as much as 10.2

Ibs. of high pressure steam being obtained per pound of

coal without correction for temperature; after the addition

of a "Tenbrinck" (see page 295) to the furnace, an

evaporation of 10.43 Ibs. and an efficiency of 85.5 per
cent, was obtained. These results are what must be

aimed at in the new tubulous boilers for naval use.

Although the efficiency scarcely exceeded the usual figures

when short tubes were employed, yet it must be admitted

that the great increase shown with the longer tubes is

not solely due to the extra heating surface. The reduced

losses in the funnel must also be taken into account, due to

the fact that the air supplied for combustion did not exceed

176 cub. ft. per pound of coal.

In the experiments made at different draughts, the

amount of air required per pound of coal decreased, as a
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general rule, as the draught increased
;
the mean consump-

tion of air was 161.8, 152.3, and 142.6 cub. ft. for the

three different draughts employed. The thickness of the fire

was much greater upon the locomotive than upon the marine

boiler.

Following upon these experiments made with an ordinary

furnace, M. Henry made three other sets. In this latter

series, the baffles were placed above the grate and nearly

parallel with it, so as to cause the flames to move towards

the boiler front, and take a longer course before reaching the

tubes, thus forcing the flames to take a somewhat similar

course to that adopted on the Forban. The two first baffles

were brick arches of different lengths, placed at a height

of about 2 ft. 6 ins. above the grate ;
the third was a

"Tenbrinck," placed about 2 ft. above the grate.

These further experiments were made under the same

conditions as the first set, different lengths of tube being

employed for each experiment. The following results, which

are independent of the lengths of the tubes, are the mean of

the whole of this latter series of experiments, and show the

effect upon the combustion efficiency of thoroughly mixing
the gases. The efficiency is based upon the number of

thermal units utilised.

-



vi.] HEATING SURFACE AND EVAPORATION 205

These results confirm what modern practice has revealed,

the necessity for thoroughly mixing the hot gases, especially

with very energetic forced draught, in order to burn the

carbon dioxide. It should be noticed that the "Ten-

brinck," in spite of the lower temperature of its walls, has

not been less effective than the brick arch in ensuring

complete combustion. A gain of 3 per cent, in combustion

efficiency, however, does not by any means represent the

increased efficiency of the return-tube boiler as compared
with the direct-tube type.

The results of some evaporative tests which were made
after stopping up a portion of the tubes may be noted

;
the

combustion and evaporation decreased in nearly equal

proportions, but both of them at a less rate than the decrease

in the cross sectional area of the passages for the hot gases.
M. Henry's experiments led to marked improvements

being realised in the combustion in locomotive boilers, with

the result that the saving effected has much more than paid

the cost of the experiments. For marine boilers these

experiments are useful for purposes of comparison, as they

show what ought to be obtained with properly arranged

and proportioned heating surfaces and furnaces capable of

ensuring perfect combustion at all draughts. They also

form a basis for comparing new types of boilers.

Upon the new tubulous boilers employed in the French

Navy experiments have only been made upon the amount of

steam evaporated by the different rows of tubes without

in any way altering the arrangement of the boiler. The

experiments therefore are similar to those of M. Geoffroy

and not to those of M. Henry. The most recent results are

those which have been published by Mr Watt* and by
M. Niclausse.

Mr Watt carried out his experiments upon a small

model boiler containing seven horizontal rows of tubes

* " Trans. Inst. N.A." vol. xxxvii., page 264.
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arranged like those of the D'Allest boiler. The pro-

portion of steam evaporated by each row of tubes was

as follows :

1st row
2nd
3rd
4th
5th
6th

7th

60 '0 per cent.

24-0

9-5

3-5

1-5

1-0

0-5

100-0

M. Niclausse carried out his experiments upon a full-

sized Niclausse boiler consisting of twelve rows of tubes,

the conditions of circulation being those peculiar to this

design. The results were as follows :

1st row
2nd ,,

3rd
4th ,,

5th
6th

7th
8th

9th
10th
llth
12th

22-30 percent.
14-80

10-84

8-57

7-43

674
6-14

5-59

5-10

4-56

4-15

378

100-00

Moreover, M. Niclausse experimented at different rates

of forcing, varying the combustion per square foot of grate

from 10 to 60 Ibs. The results varied very little from the

mean of those given in the above tables.

The results obtained by Mr Watt and M. Niclausse,

it will be seen, vary considerably, particularly as regards
the evaporation from the first row of tubes exposed to

direct radiation from the grate. It has been pointed out

with reason, that the tubes in the Niclausse boiler being

staggered, the direct radiation from the grate would act
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upon the first two rows of tubes, which together furnish

37. i per cent, of the total steam produced.

As the total heating surface for the twelve rows of

tubes of the Niclausse boiler was equal to thirty times the

grate area, the evaporation obtained from the last rows of

tubes is not excessive, especially with a combustion of 40
to 60 Ibs. of coal.

It would be very difficult to carry out a similar set of

experiments on boilers of the Du Temple type. The only

thing that could be done would be to compare between

themselves boilers having different ratios of heating surface

to grate surface, for example, those of the Jeanne a"Arc, with

a ratio of 46.5, with those of cruisers of the Montcalm type,

having a ratio of 41.

78. Determination ofthe Amount of Heating Surface. From
what has been said above it will be clear that although the

economy due to an increase of heating surface cannot be

always exactly determined, a certain amount of gain is

almost sure to be realised, provided that the increase does

not materially alter the weight and space occupied. The

general method of augmenting the heating surface is to

increase the number of tubes and reduce their diameter.

Here, as in other problems, conflicting conditions are met

with, because on account of the increased resistance to the

passage of the gases, and also to the life and safety of the

generating tubes, large tubes are to be preferred. In

cylindrical boilers the outside diameter of the tubes is

generally about 2f ins. On the Sfax a higher efficiency,

without consequent inconvenience in working, was obtained

by reducing the diameter of the tubes to 2 ins., and the

danger from what is known as "
bird-nesting" did not

unduly increase. In tubulous boilers with horizontal tubes

larger diameters are used 4 to 4i ins. for Belleville boilers,

3J ins. for Niclausse boilers, 3^ ins. for Montoupet boilers.
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The ratio of heating to grate surface is generally about

30 to 35. With vertical tubes, in boilers with accelerated

circulation, the external diameters may be considerably
reduced

;
in the case of torpedo-boats even to i in., on the

Jeanne a"Arc to i J ins., on the Montcalm to if ins. The ratio

of S to G in these boats was respectively 45.8, 46.5, and 41.0.

From the above figures and especially from the Table

given in paragraph 77, it will be seen that it is more

difficult to predict exactly the number of pounds of water

that will be evaporated per square foot of heating surface,

than to define the number of pounds of coal which will be

burnt per square foot of grate. As the quantity of water

evaporated per pound of coal is generally known approxi-

mately, as also the draught, the grate surface makes a

much better basis of comparison for the powers of boilers

than does the heating surface.

Though the heating surface and grate surface are always

given with the other particulars of a boiler, the method of

calculating them is by no means uniform. The calculation

of the grate surface is a comparatively simple matter, and

little or no divergence exists. In calculating the heating
surface certain portions must be excluded, such, for instance,

as the ashpit or lower half of the furnace in cylindrical

boilers and the outside of the tube-walls of tubulous boilers.

If results are to be strictly comparable it is absolutely

necessary that the same method of arriving at them should

be used in every drawing office. In tubulous boilers, the

external diameter of the tubes is always taken when calculat-

ing the heating surface.

79. Loss by Radiation. Lagging. Boilers are usually

covered with a non - conducting substance, in order to

diminish the loss of heat by radiation and conduction.

This loss has a prejudicial effect in three different ways : it

reduces the amount of water evaporated per pound of coal
;
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it is a source of great inconvenience to the stokers
;
and it

may ignite any combustible material which happens to be

in the neighbourhood of the uptake.

In tubular boilers the flues are entirely surrounded by

water-spaces ;
the exterior surface of the boiler, properly so

called, cannot therefore exceed a comparatively low tempera-

ture, which for usual working pressures is about 400, and

for a pressure of 300 Ibs. only 417. These favourable

conditions preclude all possibility of fire, and enable the

lagging of the boiler to be easily arranged for.

For a long time, that is to say as long as the working

pressures were below 85 Ibs. and the temperatures below

320, boilers were lagged with a coating of felt covered

with canvas, having a total thickness of about i ins. and

a weight of 0.8 Ib. per square foot. A very careful deter-

mination of the non-conducting power of this lagging was

made at Toulon in 1889 by M. Brocard, an engineer in

the French Navy.
M. Brocard concluded from his experiments that the

loss by radiation amounted to 332 B.T.U. per square
foot per hour. A boiler with three furnaces like that on

the Jean-Bart has 656 square feet covered with non-conduct-

ing material. This represents a loss of 217,950 B.T.U. per

hour, which is equivalent to the combustion of 13 Ibs. of

coal, or to i per cent, of the total heat produced in the

furnace with active combustion. This result shows that

felt is a sufficiently good non-conductor for all practical

purposes, and the loss could be still further reduced by

doubling the thickness of lagging, as will be shown later.

Felt, however, has the disadvantage of not being incom-

bustible. It undergoes charring at 309, a temperature

which is often reached in practice, and ignites at 1,200.

Serious accidents have resulted from this, as it takes fire

quite as easily from contact with the fire-rakes, ashes and

cinders, as from the flame of a lamp or candle. In con-

o
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sequence, the necessity of clothing boilers with some mineral

substance, such as asbestos or silicate cotton was early recog-

nised. The experiments of M. Brocard were undertaken

to determine the relative non-conducting power of these

various substances. The following Table embodies his

results :
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are frequently placed between the boilers after use. The

boiler-front was usually covered with felt where possible,

care being taken that the covering was stopped at least 16

ins. from the flues, and the edge secured by a small iron of

Z section
;
further it was not allowed to come within 10 ins. of

the floor, nor to be within 6 ins. of any manhole through
which candles might be introduced into the boiler.

Where felt was not used, a mineral non-conductor,

preferably silicate cotton covered with asbestos cloth, was

employed. For the boiler-fronts it would have been simpler

to have used mineral non-conducting substances exclusively.

When cost is not of primary importance, the use of asbestos

cloth to cover the felt has much to recommend it.

Magnesia blocks have been used of late years instead

of silicate cotton, and are said to be very much more efficient.

The non-conducting properties of silicate cotton depend

largely upon whether, when being applied to the boiler,

proper steps are taken to prevent it consolidating. One of

the most efficient of the mineral non-conductors which has

come to the front lately is mica
;
some interesting tests on

this material have been made in Canada by the Grand

Trunk Railway. The pressure in the boiler was raised till

it reached 150 Ibs.
;
the fires were then withdrawn and the

fall of pressure AP at the end of one hour noted, and from

this the loss of heat Q was calculated. The following Table

gives the results obtained :
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and Hudson - Beare have practically confirmed the above

figures.

Boilers whose fronts are formed of masonry with an

air-casing outside are sufficiently protected on the side

where radiation is least desirable, namely, in the stoke-

hold. The cylinders of the main engines are the parts

which need the most careful lagging, and where experiments
in new non-conducting coverings will best repay research.

80- Air-casing and Lagging of Smoke-box and Uptake.

Upon the smoke-box and uptakes, which it is necessary to

cover with some non-conducting material, in order to lessen

the radiation from the boiler-fronts, two baffles about an inch

apart are usually fitted (Fig. 68). Precautions are taken to

prevent the heating of the outer baffle due to conduction.

With forced draught and a closed stokehold, these

baffles are insufficient, since they do not prevent the heat-

ing of the air, which, unable to escape, collects at

the top of the stokehold
;
silicate cotton can in such

i cases be used with advantage. On the Fulminant

(which has not a closed stokehold), the use of silicate

cotton has enabled the fans to be placed on a plat-

L_ form directly over the boilers. The wood lagging,

which was formerly employed upon the smoke-box

doors and upon the uptakes, has had to be discon-

tinued on account of the danger of fire.

At one time a somewhat extensive use was made
rig. DO.

of plastic non-conducting material. It consisted

generally of river-mud mixed with one- or two-thousandths

of its weight of horse-hair, and was kept in position by
a thin plate ;

sea mud cannot be used on account of the

chlorides contained in it. These plastic coatings are very

poor non-conductors
; they are, nevertheless, of value for

clothing the base of the funnel, the radiation from which

into the stokehold is very inconvenient.
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The insulation of the funnel itself is always obtained

by means of air-spaces. A first casing fixed to the funnel

by means of angle-irons forms part of the boiler itself; by

carrying it up to the top of the funnel the draught is

improved, as the cooling of the air in the funnel is retarded,

and the air-space can be also used as a ventilator to the

stokehold, and even to the cabins. In order to protect the

'tween decks from the radiation from the funnel, it is as

well to surround it with a second casing, forming part of

the hull. This second casing, which is always useful,

becomes an absolute necessity in the case of many of the

tubulous boilers at present in use, the funnels of which

are liable to become red hot.

Tubulous boilers, as far as prevention of radiation is

concerned, are similar to the smoke-boxes of tubular boilers
;

their casings have even to submit to still more intense

heat than do the smoke-boxes of these latter, since some

parts of the casing surround, and even form part of. the

walls of the furnaces. The non-conducting material em-

ployed usually consists, as regards the lower part, of a

covering of brickwork, and the higher portion is covered

with a thin layer of ashes between two thin plates. In

some instances the upper part of the casing consists of

two thin plates with an air space between them, the inner

plate having a facing of thin fire-clay tiles or magnesia
blocks. A wall of brickwork only 2 ins. thick has the

disadvantage of weighing 16.4 Ibs. per square foot, not

including fastenings ;
a layer of cinders of the same thick-

ness weighs 7.2 Ibs. per square foot, not including the

plates. Certain tubulous boilers lose, by this necessity of

clothing, an important fraction of their advantage in weight
over cylindrical boilers.

The sides of boilers of the Du Temple type are provided
with excellent non-conductors in the shape of their side

tube-walls which form the exterior of the boiler. Silicate
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cotton, and particularly asbestos, have been largely used for

lagging the different parts of these boilers, and especially

for the fronts.

The double air-casings which are generally on the

fronts of these boilers perform two useful functions : firstly,

the prevention of radiation with the stokehold; and, secondly,

the heating of the air for combustion on its way to the

furnace.



CHAPTER VII.

WEAR AND CORROSION.

8 1 . Wear due to Chemical A ction producing Deterioration on

the Inside of Boilers. The preservation of boilers against

destructive chemical action, which operates on them by
slow degrees during their whole life, follows rules, common
to all kinds of boilers, whether cylindrical or tubulous

;
this

is, therefore, a convenient place to notice them, reserving

the study of the resistance of the materials to mechanical

fatigue until the different types are separately dealt with.

One very general cause of wear and tear, common to

all iron structures that are not painted (as, for instance,

the inside of boilers), is oxidation due to contact with air

or with water. The action is so well known that it is

only necessary to mention here that to be operative the

presence of air and of water must be simultaneous
;
neither

dry air alone, nor pure water exhausted of air, has any
chemical effect on iron. On the other hand, air, when

contained in water, would appear to have a particularly

energetic effect when discharged in bubbles against a plate ;

it would almost seem as if, at the instant when it thus

resumes its gaseous form, oxygen had then some of the

properties of bodies in a nascent state. Sea-water, however,

even when free from air, has a peculiar corrosive action

when hot, due to the presence of magnesium chloride.

This chloride, when subjected to heat in water, yields

magnesia and hydrochloric acid, the reaction taking place

under two different circumstances.
215
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In the first case the acid is formed as soon as the

sea-water reaches 212 Fahr., and its density is sufficient;

and it is this action which explains the rapid corrosion

that takes place at leaky joints and rivet-holes.

In the second case the hydrochloric acid is given off,

even in the weakest solution, when the temperature is

sufficiently high ;
it is generally admitted that this action

commences directly 248 Fahr. is exceeded, that is, at a

pressure of 28 Ibs. per square inch
;

it follows, therefore, that

in high-pressure boilers, heated to between 250 Fahr.

and 400 Fahr., the practice so common in the engine-

room of making up losses by using sea-water should be

absolutely prohibited.

The rapid destruction of the tubes of the Belleville

boiler by local pitting has been explained as being due

to the use of sea-water. To overcome this difficulty without

discarding such an obviously simple method of making

up losses as the employment of sea-water, M. Belleville

has advocated the use of lime as a reagent ; good results

have been obtained, so much so that its use has extended

to other boilers, notably to those with steel tubes. The

use of the lime has been continued, though that of sea-

water has been suppressed.

Unlike chloride of magnesia, other alkaline chlorides,

when dissolved in sea-water, do not seem capable of giving
off hydrochloric acid unless air be present, but they assist

in the deterioration of plates at leaky joints. They may
also produce the same effect when heated in the presence

of hydrate of silica or of sulphate of magnesia, as will be

noted further on when studying the action of solid deposits.

82. The Action of Fatty Acids. Chemical Reaction of Saline

Deposits. The most active cause of the destruction of

boiler plates for some years past has been the presence

of fatty acids in the feed-water. Surface condensers came
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into general use at a time when grease and vegetable oils

were the only lubricants employed for the interior lubrica-

tion of the engines. The glycerine contained in them

becomes separated from the fatty acids immediately on

their introduction into the steam cylinder, and these latter

are carried on into the boilers, where they attack the plates.

The principal seats of this corrosion are the surfaces

adjoining the feed-water inlet and those near the water-

level, where the acids, floating prior to their saponification,

are deposited on the shell. This action is all the more

dangerous, as a point of corrosion, once having been set

up, is more susceptible to subsequent attacks, and deep

pitting may result. Recourse has been had, as a preventative,

to the injection into the boiler of a solution of carbonate

of soda
;
but it is found that the carbonate only neutralises

the fatty acids after corrosion has already set in
; and,

further, that the carbonic acid thus formed has a pernicious

effect of its own. Carbonate of soda is therefore no longer

used, the only alkaline solution still employed being one

of lime.

Deposits found at the bottom of boilers often show

distinct traces of the salts of copper, distinguishable by
their green colour. Some authors have attached great

importance to the presence of copper, on the supposition

that it set up galvanic action
;
but it is well known that

this action is almost imperceptible when the proportion
of copper to iron is so very small. In fact, the existence

of galvanic currents has never been clearly manifest even

when brass tubes were used
; for iron or steel is hardly

affected by the vicinity of brass, owing to the presence of

zinc in that alloy.

From observations made by M. Normand, when two

steels, having different percentages of carbon, are in contact,

corrosion occurs in a marked manner on the plate having
the lower percentage of carbon.
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Deposits formed on inner surfaces act in two distinctly

different ways, viz., chemically, as corrosive agents, and

physically, as non-conductors, giving rise to overheating.

Chemical action is set up both on the surfaces of the shell

plates and on the plates forming the flame passages, and

probably with the greater energy on the latter. Physical

action takes place owing both to mineral and organic

deposits, and is confined to surfaces exposed to the direct

action of fire.

The chemical action of saline deposits was recently

brought to notice by M. Haas, an Engineer in the French

Navy, when examining an Oriolle boiler, of which the

tubes had become deeply pitted, and even perforated, under

the layer of salts which had accumulated in them. This

was explained by the reaction between the sodium chloride

and the hydrate of silica, giving a silicate of soda and

hydrochloric acid, and by a second reaction between the

sodium chloride and the silicate of magnesia, giving a

silicate of soda and a chloride of magnesia, subject in its

turn to decomposition by heat.

4 NaCl + H4 SiO4
= Na4 SiO4 + 4 HC1

4 NaCl + Mg2 SiO4
= Na

4 SiO4 + 2 MgCl2

The corrosive effect of saline deposits does not seem to

be noticeable at temperatures between 212 and 248 Fahr.,

at which boilers, fed with sea-water, used formerly to be

worked
;

for these boilers often returned to port with the

water-spaces coated with deposits and yet with their plates

intact. Indeed the engineers used carefully to produce

a thin deposit on all the plates, furnaces, combustion-

chambers, etc., to prevent violent ebullition and for the

better preservation of the boiler.

The physical action resulting from deposits has always
been manifested by the production of blisters in furnace

plates and by damage of a similar kind
;

this action is
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particularly to be feared on the tube-plates, to which the

water has difficulty in obtaining access owing to the large

production of bubbles of steam on their inner surfaces.

Mineral oils, deposited on a plate, form a brown varnish

which is a particularly poor conductor of heat, as has been

pointed out in paragraph 49, and which, although very thin,

may give rise to overheating of the plate. These dangerous

deposits are formed when a boiler is emptied without having
the greasy substances floating on the surface of the water

previously removed by means of the surface blow-off or

scum cock
;

all the surfaces, whether vertical or horizontal,

become coated with oil as the level of the water drops.

Deposits of this nature explain to a certain extent those

collapses of fire - boxes which happen sometimes on the

portions most exposed to the fire.

As will be seen from the foregoing, corrosion always
occurs on the surface of the plate in contact with the

water.

83. Principal Precautions to be taken to avoid Corrosion.

The precautions to be taken for the preservation of boiler

shells have been dealt with in the preceding paragraph.

They may be summed up thus :

When designing the shells they should have from TV in.

to T"V in. added to their thickness to allow for corrosion.

Plates exposed to the direct action of fire should be

single ;
red-lead joints should on no account be allowed.

The greatest care must be taken that all seams are

perfectly tight, and particularly the tube-plate joints, and

the use of solid drawn tubes should be insisted on, as it

is always in the weld that pitting occurs, not to speak of

the danger of their splitting in tubulous boilers.

No moist air should be allowed to remain in a boiler

when it is not in use. The best way of keeping such air

out is to heat the air in the boiler by introducing charcoal
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warmers through the manholes, and then hermetically closing

all openings ;
or the boiler may be filled up with distilled

water that has been deprived of air, with a little lime in

it
;

this last method is frequently employed, especially

with tubulous boilers at the present time.

While the boilers are at work, numerous precautions

have to be taken, which are partly dependent on the manage-
ment of the engines. The use of tallow, or vegetable oils,

for the lubrication of the cylinders should be strictly

prohibited, none but mineral oils should be allowed, and

even of these only the absolutely necessary minimum should

be permitted. The design of slide-valves and of piston-

packing has been an object of special study of late years

with the view of suppressing, if possible, all interior lubrica-

tion. Even the stuffing-boxes of the main piston-rods and

valve-rods are now lubricated with mineral oil.

The condenser tube-joints should be carefully watched,

and any loss should be made good with distilled water, to

the complete exclusion of sea-water. Sea-cocks on condensers

should be condemned, even where they have already been

fitted. In its transit from the condenser to the boilers,

care should be taken to prevent the feed-water becoming
mixed with air. On the other hand, as it is essential that

the feed-water should be filtered and cleared of grease,

the efficiency of filters and separators should be carefully

maintained.

The injection -heaters described in paragraph 196 are used

to rid the feed-water of its air. The surface heaters perform

the same service, but to the detriment of their own tubes.

It is always prudent to prevent the feed -water entering a

nest of tubes before it has become thoroughly mixed with

a body of water that has been freed from air by ebullition.

The same result may also be attained by spraying the

feed-water into the steam space.

In spite of all precautions, a certain amount of mineral
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oil is bound to reach the boilers
;

it is therefore desirable

to use the surface blow-off frequently while under steam.

Should greasy deposits have occurred, it will be necessary

thoroughly to wash the boiler out with soda. The solution

of caustic soda used for this purpose in the Messageries
Maritimes is fixed at about 5 per cent.

;
the liquid is brought

to boiling point and kept simmering for about an hour,

after which the boiler is thoroughly emptied and cleaned

out.

The use of zinc as a preservative has become very

general, as has also that of lime in the feed-water
;

but

this latter should be applied with discretion, for it has

happened, on some ships, that lime carried over by the

steam into the cylinders has caused abnormal wear and

tear of the rubbing surfaces.

Finally, when the whole of the boilers are not in use,

it is important to watch and see that all valves, whereby
steam might find its way into the empty boilers, are tight.

In the matter of boilers, and indeed of engines in

general, it is well always to bear in mind that even the

smallest precaution has its importance, and that none are

insignificant enough to be neglected with impunity.

84. Employment of Nickel Steel. The progress which has

been made in the metallurgy of nickel, and the valuable

properties which this metal imparts to steel, enabling it

to resist corrosion, increasing its tensile strength and its

elastic limit, have brought nickel steel into use for the

construction of boilers, and especially for the manufacture

of tubes. On the subject of corrosion, which is the one

we are here dealing with, the reader is referred to the

paper by Mr Howe, read before the International Testing
Association in 1900. From experiments made at Sandy
Hook on 26 per cent, nickel steel immersed in sea-water

for two years, Mr Howe found that the corrosion was only
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one-third of that of ordinary steel or soft iron. From a

number of other experiments made, both hot and cold,

with alkaline and acid solutions, the 20 per cent, nickel

steel showed practically the same superiority. In plates

of ordinary nickel steel containing only 3 per cent, of nickel,

the corrosion in the sea amounted to 75 per cent, of that

of soft iron and ordinary steel.

In some tests with 3 per cent, nickel steel, there was

no difference at all, and Mr Carnegie even found that

in fresh water the 3 per cent, nickel steel corroded faster

than ordinary steel.

Putting aside the question of its resistance to rupture,

and its ductility, the nickel steel which is most suitable

for boilers, is that containing from 20 to 26 per cent, of

nickel.

A series of experiments were made in 1899 by Mr
Yarrow to obtain as much information as possible under

the normal conditions of working to which the boiler tubes

are exposed. The comparison made between ordinary soft

steel, and steel containing from 20 to 25 per cent, of nickel,

yielded the following results :

When cold, with water containing half its weight of

hydrochloric acid, the corrosion represented by the total

loss of weight, is for nickel steel, only one-sixteenth of

that for ordinary steel.

After being repeatedly brought up to a red heat,

alternated with cooling in water or air, the ratio of loss

of weight was i to 2.8 and very closely approached the

one-third cited in Mr Howe's experiments.

When heated externally for six hours, with a continuous

current of superheated steam passing through the tubes,

the ratio of loss of weight fell almost to one-eighth ;
but

the ratio of time until local perforation occurred was i to 2.4.

One may therefore say roughly that the life of a boiler

can be trebled by the adoption of 25 per cent, nickel steel.
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Although this result is a long way short of that obtained

with the brass tubes used in the old days, it is of great

importance, and cannot be put aside merely on account

of first cost, even though the tubes do cost about five or

six times as much as ordinary steel tubes. It now lies

with the metallurgist to reduce the cost.



PART II.

TUBULAR BOILERS.

CHAPTER VIII.

CYLINDRICAL BOILERS.

1. PRINCIPAL FEATURES.

85. Single-ended Marine Boilers. The different forms of

boilers enumerated in paragraph 13 will now be considered

in detail and further examples given.

The so-called "marine" boilers are cylindrical return-

tube boilers. They are sometimes called " Scotch "
boilers,

owing to their having been used, as far back as 1862, by
the firm of Randolph Elder on the Velasquez and the

Murillo. They took the place of the. old rectangular boilers,

similar in principle, which prior to that date had been

known as "marine" boilers. These rectangular boilers were

not equal to a pressure of more than 17 Ibs. per square

inch. Cylindrical boilers began with pressures of about

55 Ibs., and pressures in these have now risen to 200 Ibs. and

over, and in tubulous boilers to 300 Ibs. and over.

Amongst boilers known as cylindrical boilers, a con-

siderable number were greater in height than in breadth,

being, as a matter of fact, composed of two half cylinders

separated by flat pieces, and were generally known as

"elliptical" boilers. Another form was used for a long
224
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time in the American Navy, in which the back and front,

instead of being flat, were cylindrical in the upper portion

forming the steam-chest ;
neither of these forms are at

present in use.

When boilers are placed athwartships, with the stoke-

hold running fore and aft, the lower portions of the back

of the boilers are often cut away to fit the shape of the

hull, thus giving a more roomy stokehold.

The following portions of the boiler are always sur-

rounded by water.

1. The furnaces.

2. The combustion-chamber.

3. The nests of tubes, corresponding to the furnaces,

which return the hot gases to the front of the boiler.

The hot gases, on emerging from the tubes, reach the

chimney by smoke-boxes exterior to, and independent of,

the boiler.

There may be one, two, three, or four furnaces, and

when there are more than two they are placed at different

heights. They are cylindrical in form and vary in diameter

from 2 ft. 6 ins. to 3 ft. 6 ins. By increasing the number
and reducing the diameter of the furnaces the grate area

can be increased and a greater quantity of coal consumed
;

on the other hand, by increasing the diameter of the

furnaces and reducing their number, more perfect com-

bustion is obtainable, and the production of steam is

proportionally greater. Flaming coals require big furnaces.

Generally speaking, large diameters would be preferable

had not the strength of the furnaces to be taken into con-

sideration, as the liability to collapse increases more rapidly

than the diameter. The combustion -chamber, which

receives the gases from the furnace and distributes them

amongst the tubes, is the seat of a very active combustion

and forms an indispensable prolongation of the furnace.

This prolongation is all the more effective, as the reversal

p
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of the flame, which takes place in it, agitates the gases
and brings the combustible particles into intimate contact

with the particles of air. This chamber is generally made

equal to half the diameter of the furnace plus 12 ins. It

would, perhaps, be an advantage to make it even bigger.

Combustion is never perfect ;
the volume of smoke issuing

from the funnel, especially while stoking, is a proof of

this. Indeed, in practice, the results fall a good deal short

of the ideal furnace which would send into the tubes the

products of perfect combustion and nothing else, and the

re-ignition of the gases at the foot of the funnel, which now
sometimes occurs, would not then take place.

In some cases there is a single combustion-chamber

common to all the furnaces, and from which all the tubes

start (Fig. 72) ;
in others there are water-spaces dividing

the combustion-chamber into as many compartments as

there are furnaces (Figs. 69 and 70).

These water-spaces add to the heating surface, and,

in addition, apportion the flames more equally by confining
to each nest of tubes the gases proceeding from the furnace

immediately beneath it, and hence the arrangement shown

in Fig. 71 is not to be recommended.

In the mercantile marine this subdivision by water-spaces

is not often adopted. On men-of-war, on the contrary,

the combustion-chamber is generally subdivided. This

difference is due to the exigencies of forced draught on

men-of-war
;
with forced draught and a single combustion-

chamber, some of the tubes are very liable to excessive

heating.

86. Double-ended Boilers. Boilers fired from both ends

were first introduced into the mercantile marine, and it

is on merchant ships that they are used to the best advantage,

that is, with a single combustion-chamber common to
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both ends and with a longitudinal vertical division down
the centre (Figs. 71, 71 A, and 716.)

The design is thus very much simplified as it suppresses
the water space at the end of the single-ended boiler, where

there is apt to be difficulty with the stays.

In double-ended boilers the depth of the combustion-

chamber is usually made i ft. in excess of the diameter of

the furnace. This realises a saving over two single-ended

boilers placed back to back, of i ft., plus the thickness of

two water spaces, plus the space usually left between the

boilers, equal to, say, about 3 ft. 3 ins. The saving in

weight is also considerable.

Double-ended boilers with a single combustion-chamber

were especially prone to leaky tubes when under forced

draught, and consequently separate combustion-chambers

were provided for each end of the boiler (Figs. 72 and 72A).

If the stoking and forced draught were always equally

distributed there would not be the same objection to the

combustion-chamber common to both ends of the boiler, but

nevertheless, the two types seem to be used indifferently.

It will be seen, however, that double-ended boilers on war-

ships lose a great proportion of the advantages, as to space

occupied, weight, and simplicity of construction, that they

possess on merchant ships.

On certain liners, the Lucania, the Campania, and the

Germanic, for instance, there is a common combustion-

chamber for the two corresponding furnaces at each end

(Fig. 7 IB).

87. Direct Tube or Admiralty Boiler. Instead of placing

the tubes above the furnaces, so as to reverse the gases,

they may be arranged as a prolongation of the furnace,

and at about the same height, but separated from it by
the combustion-chamber (Fig. 73). This arrangement con-

siderably reduces the diameter of the boilers and enables
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them to be placed under the armoured deck, where there

would not be sufficient head-room for return-tube boilers.

Owing to the smaller diameter of the boiler, the strength

of the shell is proportionally augmented ;
the working

pressure can, therefore, be increased without thickening

the shell-plates. Finally, in the Admiralty, or direct-tube

type of boiler, the length of the tubes is not limited by
the length of the furnace as is the case in the return-tube

type.

The disadvantages attending the use of direct-tube

boilers are that the hot gases are not so well mixed, and

that the tubes are more unevenly heated. The furnace

crowns, being very near the water-level, and being exposed
to intense heat, are much more liable to over-heating should

a fall in the water-level occur. This danger is also greater

at the top of the combustion-chamber, which, though not

necessarily nearer to the water-level, is much nearer to the

furnaces, and therefore to the hottest gases. Further, on

account of the length of the boiler, for an equal angle of

inclination, the effect on the water-level is much greater.

Finally, the unequal expansion of the various parts of

the boiler is more pronounced, especially at the top and

bottom, due to the increased ratio between the length and

the diameter of the boiler
;

the local strains are also more

severe on account of the comparatively feeble circulation

in long and low boilers. For all these reasons, and for

others of less importance, direct-tube boilers were only used

in cases of absolute necessity, and have now been abandoned

owing to the adoption of tubulous boilers.

In direct-tube boilers the combustion-chamber is neces-

sarily longer than in return-tube boilers, and, when using
forced draught, for reasons already stated, but which hold

with even greater force, the combustion-chamber of direct-

tube boilers should be fitted with water-spaces.

Some very unsuccessful attempts have been made to
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increase the heating surface of the combustion-chamber by

interposing water-spaces as a screen to the more exposed

tubes,* or by fitting large cross tubes. Fig. 74 gives the

first installation of this kind on the Fleurus, and Fig. 75

that actually in use on the Surprise. Baffles or screens

composed of fire-brick have also been fitted to several

boats to direct the course of the gases, and have the

advantage of thoroughly mixing the gases before they
reach the tube-plate.

Direct-tube boilers must always be single-ended ;
there

is a simple reason for this, quite outside the question of

length, and that is that it would be impossible to sweep
the tubes while under weigh.

The " direct-tube
"

boiler is generally known as the

"Admiralty" boiler, on account of its former extensive

use in the Royal Navy ;
in France the use of this form of

boiler was for some time limited to gunboats.
When the term "marine" or "marine type" boiler is

used in this treatise, it is always with reference to the

return-tube boiler.

2. CONSTRUCTION.

88. Furnaces. Each furnace is divided into two parts

by the grate ;
the furnace above, the ashpan below. The

furnace itself is of necessity horizontal, but the fire-grate

generally has a slope of i in 10 towards the back.

This slope, which is indispensable for firing purposes,

divides the furnace in a rational and correct manner, as it

gives an increasing area for the gases of combustion and a

gradually decreasing one for the supply of air.
9
The slope

*
This, at any rate, is what was attempted in the locomotive boilers with

rectangular fire-boxes, suggested, no doubt, by the
" Tenbrinck "

arrangement,

(See Fig. 131 A.).
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of the grate might, perhaps, be increased
;
but it is limited

on the one hand by the necessity for leaving sufficient room

under the grate for drawing the ashes, and, on the other

hand, by the serious diminution of grate area which would

result from any considerable departure from the horizontal.

It might possibly be of advantage to give the whole boiler

a slight backward slope ;
but this has not yet been tried.

The length of the fire-grate is arbitrary ;
it is, as a

rule, better to make it shorter than the furnace
;

if possible,

it should not exceed 6 ft. in length, although grates 7 ft.

in length are common in the Royal Navy. When forced

draught is used, and the grate surface has not been definitely

determined, it is preferable to keep the length down to 5 ft.,

and proportionally to increase the draught. The length

of the fire-grate is of great importance, more especially

when the stokers are not very experienced men. With

long fire-grates, the coal is liable to be unevenly distributed

over them, the consequent ill effects of which have already

been pointed out. On torpedo-boats with highly trained

stokers and tubulous boilers, grates have been made as

long as 7 ft. 3 ins., but this length has not been reached

in the case of cylindrical boilers.

The fire-doors are pierced with holes and fitted inside

with baffles to prevent overheating ; they must be capable

of being opened and shut very quickly so as to admit as

little cold air as possible. Those with horizontal hinges

and counter-weights are better in this respect than the

ordinary types with vertical hinges and double doors. This

point will be further dealt with in Chapter XVI.

There are many different types of ashpit-doors, between

which there is very little to choose. Note should be taken

of the bar* placed at the entrance of the ashpit for working
the firing tools, which is sometimes made adjustable.

89 Furnaces Composed of Separate Rings. Corrugated
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Furnaces. In modern boilers the furnaces are always

cylindrical in shape, to resist the external pressure of the

steam. The question of the stresses to which their sides

are exposed is an intricate one. The cylindrical shape,

while keeping the structure in stable equilibrium as regards

internal pressures, leaves it in unstable equilibrium as

regards external pressures.

Any deformation, which causes the interior diameters to

vary at any one point, produces a bending moment, which

the plates are incapable of resisting, with the result that

I Fig. 76.

the deformation continues to increase until the furnace

breaks down. Besides, especially in the furnace, there

exists an initial cause of deformation, produced by the

firing itself, since the upper part, or crown, is highly heated

by the fire, while the lower part is vigorously cooled by
the current of air in the ashpit.

The resistance of furnaces to collapsing depends not

so much on the thickness of the plates as on the means

taken to strengthen them. Deformation cannot take place

at the extremities of the furnaces on account of their being
riveted to the front and back tube-plates. The effect
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of these two end-plates is felt over the whole length of the

furnace, as any collapsing draws the back and front tube-

plates closer together, which the internal pressure of the

boiler tends to resist. The

correctness of this view

may be questioned. Any
straining of the attach-

ment of the furnace to

the end-plates must have

a pernicious effect. It

has been urged in favour

of corrugated furnaces

that they can expand and

contract without unduly

straining the joints ;
it is

clear that the end-plates

cannot be entirely relied

upon as a means of pre-

venting collapsing.

External rings of plates

and angle-irons are not

used to strengthen the

furnaces, for the reason

that by doubling the

thickness of metal there

is a liability to overheating wherever the plates are not in

direct contact with the water. On the other hand, furnaces

may well be built up of a series of rings, with their
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edges turned up and a ring riveted between them and

forming ribs, as shown in Fig. 77. The turned-up edges
are shown at a and a 1

,
and the ring or washer at b

;
this

is always used, not so much to add to the strength of the

joint as to protect the rivet from the fire by the inner

portion of the ring.

Many furnaces are built up in this manner
;

in well-

equipped workshops a special tool is employed for turn-

ing over the edges. The rings

which make up the furnaces are

necessarily without longitudinal

seams
;

the plates are feather-

edged and welded together.

The operation of welding is

detrimental to the plates (especi-

ally when of steel) more particu-

larly where the part that has

been raised to a welding heat

joins the colder portion of the

plate ;
thus furnaces of welded

plate are liable to give way, not

at the weld, but close to it.

In riveted furnaces, it may
be noted that the upper part is

placed inside and the lower part

outside, as in Fig. 79, to avoid

a little inside ledge on which

coal would lodge.

As a matter of fact, furnaces are now usually made of

corrugated plates, the shape of which offers a certain resist-

ance to bending. The oldest and most extensively used

are Fox's furnaces (Fig. 80), which are wavy in section,

with corrugations about half the depth that would be given
to flanges. They are carefully made, and the weld, which

is very good, is not liable to the weakness mentioned

Fig. 79.
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above. For a long time past the Fox furnaces have given

every satisfaction
;
but since pressures have risen to 150, 170,

and even 200 Ibs. per square inch, while the depth of corruga-
tions remains unchanged, they do not come up to present

requirements, and many cases of collapse have occurred.

A noticeable feature of the Fox furnace is that, owing to its

corrugations, and therefore greater elasticity, more pro-
nounced permanent deformation may occur, without serious

consequences, than is the case in the ordinary furnace. The
furnace crowns may even drop on to the bars themselves

without causing any excessive local strains, or unduly strain-

ing the end-plates. This happened on the trial-trips of the

Fig. 80.

Dupuy-de-L6me and the Wattignies. Fig. 81, taken from

a photograph, shows a pair of the furnaces of the latter

ship as they appeared after the trials. As the boilers in

question are of the direct-tube type and the crown of the

furnaces is very near the water-level, the accident might

have been attributed to some overheating owing to short-

ness of water
;

but collapses, similar in every respect,

have happened on liners with boilers of the return-tube

type ; any overheating in this case could only have been

due to some calcareous or mineral-oil deposits on the crown

of the furnace. These excessive deformations have been

singularly free from serious results
;

there was no tearing

or ripping of seams or plates, thereby proving the high

quality of the materials used.

To guard against these deformations, there is no other

way than to watch carefully for any small changes of shape

which precede them, and to restore the correct diameter

with a screw-jack as soon as any ovalisation is apparent.
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so
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The subsequent use of the boilers, after undergoing these

extensive repairs, testifies to the confidence placed in the

Fox furnaces, but there is no guarantee against the

recurrence of similar accidents, and the adjoining parts

are liable to become strained.

The constant exposure to accidents similar to those

which occurred on the Dupuy-de-L6nie and the Wattignies,

has led to the introduction of a modified form of Fox

(_- ,' J
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Fig. 82.

furnace, which, while diminishing the area of the plates,

and consequent liability to deformation, maintains a

reasonable amount of longitudinal stiffness. With this

aim in view, several new designs have been brought out,

Fig. 83.

but those in most general use are the Purves furnaces

(Fig. 82), and the Morrison (Fig. 83), which appear to

give good results.

It is evident, however, that no form of furnace can

resist overheating when covered by a non-conducting

deposit of salts, or mineral oil.

Though not much used in France, other methods of

strengthening furnaces may be noticed. The furnace may
be strengthened by external plate, or angle-iron rings, with

distance pieces from 1.2 to 1.6 ins. in thickness (Figs. 84
and 85). These are fixed to the furnace by round-headed

bolts, with nuts and washers on the outside. The rings
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are similar in section to the bridges in common use for

supporting the crown of the combustion-chamber. The

furnace may be constructed of short lengths of different

diameters fastened end to end.* None of these systems

appear to afford the security of the Fox or Purves corrugated

furnace, provided their corrugations are properly designed,

as it is a sine qua non that the number of riveted joints

directly exposed to the fire should be reduced to a minimum,
and corrugated furnaces fulfil these conditions.

The mode of riveting the furnaces to the end-plates is

a part of the construction of a boiler that requires the

Fig. 84. Fig. 85.

greatest care and skill
;
local straining may become excessive,

and the slightest leaks give rise to rapid deterioration.

In construction, the furnace is first fixed to the com-

bustion-chamber, which is then attached to the body of

the boiler. Usually, the upper part of the furnace is

turned up, and riveted to the tube-plate on the side away
from the fire. The shape of the bottom-plate enables the

turned-up edge of the upper part of the furnace to be

introduced into the combustion-chamber with ease (Fig. 86).

This arrangement has the advantage of not exposing the

edge of the plate directly to the flame. As overheating
is not the greatest danger to which the joint is exposed,

it being subject to irregular heating and cooling, the

contrary arrangement shown in Fig. 87, is sometimes

adopted, and is more convenient for repairs. It is

* See Seaton's "Manual of Marine Engineering," p. 455 of the

Edition, 1904.
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advisable to employ a thin firebrick lining to protect the

joint between the top of the furnace and the tube-plate.

The form of joint at the combustion-chamber end allows

of a good accurate joint being made ; but at the front end

of the furnace, where two cylinders have to be slipped
one into the other, it is necessary to leave a play of ^\nds
of an inch all round, and subsequently to expand the

furnace to fit the shell. Fig. 88 shows how, in practice,

Fig. 86. Fig. 87.

there is a risk of this fit being confined to the front edge
of the furnace. To ensure a perfect fit, the collar, formed

by turning over the front-plate, should be coned so as to

allow the furnace, which becomes coned when expanded,

to bear all round (Fig. 89). Another plan, which is pretty

generally favoured at the present time, is to turn the

edges of the front-plate outwards (Fig. 90) this facilitates

the stiffening of the furnace, and also the riveting

(especially when hydraulic riveters are used). This

arrangement is, however, less satisfactory than the pre-

ceding one as regards the tightness of the joint when
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under pressure ;
it is evident (Fig. 90) that the interior

pressure tends to separate the

two lips of the joint, whilst, in

the form shown in Fig. 89, it

assists and sustains the tight-

ness of the interior edges.

The expanding of the furnace

ought always to be done cold,

especially if the plates are of

Fig. 88.

Fig. 90.

Fig. 89.

steel, as local heating impairs

the quality of the steel.

Well - constructed furnaces

made of high-class material will

last as long as the shells of the

boilers. When made of iron

plates, they are subject to local damage occurring at the

crown, due to the lamination of the plates. In order to make
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these good, the blistered part is cut out, and a patch is

riveted on. In corrugated furnaces, the patches are cut

from a plate with similar corrugations. Furnaces as now
made of steel are almost entirely free from this form of

weakness.

90. Combustion-Chambers. Every combustion-chamber is

made up of two flat ends and of a shell, the shape of which

varies a good deal according to the different type of boiler.

The two end-plates are usually turned over to form the

joint ;
but this is not an invariable rule. Of the six sides

of the chamber, the first, that is, the front-plate, is kept
in position by the tubes

;
the second, or crown-plate, is

fixed in a special manner
;

the other four form sides to

water-spaces, and these will be described first.

The water-spaces, composed of flat sides, from 6 to 8

ins. apart, are well able to stand any pressure at present in

~ _ use, owing to the ease with which they can

Jj K. be stayed. The stays are screwed at both

teMpSSSS ends, and the holes are tapped in place,

thereby forming a very rigid structure.

H I In some boilers, especially on those of

torpedo-boats of the locomotive type, these

stays are made hollow, so that should any of them become

rusted through, or broken, attention would be drawn to the

fact by the escape of steam. On the furnace side, the hole

in the stay is very small, thereby reducing the quantity

of steam that can escape, and avoiding any back rush of

the flames through the furnace doors.

The stays are spaced about 8 ins. apart ;
this is sufficient

to obviate any appreciable buckling. They are about lyV ins.

in diameter, and the stress, under a pressure of 170 Ibs.

per square inch is, therefore, about 3 tons per square

inch. The finer the thread, the greater the strength of

the bolt under the thread. This is not made less than
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Fig. 92.

about B-^nds, for fear of stripping, should the thread become

rusted. In addition to the thread, stays are now fitted

with nuts on both ends, as shown in Fig. 92, illustrating

the form of stay used in the boilers

of the Savoie and Lorraine
;

this

precaution makes the stay itself

tight, but does not dispense with

|_ the necessity for tapping the plates,

which alone ensures the tightness

of the joint as a whole. In com-

bustion-chambers, care must be

taken not to use any red-lead

under the head and nuts of the

stays ;
these will then be better able to transmit heat, and

consequently less liable to become over-heated.

For a long time it was considered sufficient simply to

screw the stays. The stay, after being screwed up in

position, was turned over and riveted. The

head thus formed, though less liable to

overheating, and less exposed, than the

present heads and nuts, reduced the tightness

of the joint to that of the thread.

When buckling begins, only the outer

threads at either extremity of the stay have

any grip ;
this is more particularly the case

with fine threads. Fig. 93 is an exaggerated

example of the effect produced. Some boiler

explosions due to this cause occurred prior

to the introduction of nuts and heads.

The stays are better fitted with a nut at either end,

because, if provided with a head at one end they are apt

to leak. A circular washer projecting beyond the nut

is sometimes added to secure greater tightness.

The stays in compression are always spaced more

closely together than those in tension, and by giving the
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plates more support, enable the thickness of the plates

to be reduced
;
but they obstruct the circulation of the

water, and may, owing to their small distance apart,

cause the deposits formed round them to run together and

become continuous.

The staying of the tube-plate will be gone into when

the tubes and tube-joints are under discussion.

The crown of the combustion-chamber, which cannot

conveniently be stayed from any neighbouring plates, is

1

Fig. 94.

subject to high temperatures, and demands special care,

as it is the first place in the interior of the boiler to become

uncovered should the water-level drop ;
above all things,

any staying, by means of plates and angle-irons, neces-

sitating the doubling of the plates, and the consequent

danger of overheating, must be avoided.

The crown-plates of the combustion-chamber have

sometimes been constructed of narrow plates with their

edges turned over, and with a vertical ring between them,
in a similar manner to the plan adopted in furnaces

(Fig. 94). They have even been made of corrugated

plates. These complicated arrangements have not found

favour, although presenting an important advantage, viz.,

that of allowing for expansion without any deformation

of the end-plate, or unduly stressing the tube-joints.

On the Forbin, which was fitted with small lead distance-

pieces or gauges, a flattening of 0.04 in. was noticed in

the ring fitted to the crown plate of the combustion-chamber,
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and buckling in the furnaces to the extent of in. to i in.

has been observed. Fig. 95 gives a sketch of the com-

bustion-chamber of the Marceau, which is similar to that

of the Forbin.

In some cases it has been considered sufficient to

MARCEAU.

U1

:

u

Fig. 95.

suspend the crown of the combustion-chamber to the

shell of the boiler by stays or bolts, screwed into the crown

of the combustion-chamber, and fitted with lock-nuts. As
these stays expand more than the boiler-shell, and as
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the combustion-chamber also expands, the stays commence

by compressing the crown, and do not support the same
until bulging under the steam pressure begins to take

place. A certain well-founded mistrust has arisen, which

SFAX.

Fig. 97.

was further increased by the accident that happened, in

September, 1894, to the crown of a locomotive type boiler

on torpedo-boat No. 120. Owing to shortness of water the

crown bulged, breaking one of the stays, and causing

the neighbouring ones to give way in succession.
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The most usual arrangement is to support the crown

of the combustion-chamber by means of crossbars, clear

of the plate, and bearing on the top of the front- and

back-plates of the combustion-chamber. To these cross-

bars or bridges are hung bolts at suitable distances.

The form or design of the cross-bars varies
;
sometimes

they are made of a solid cast-steel plate, thickened where

the bolts pass through ;
more often they are composed of

two plates, between which pass the bolts (Fig. 96). The

CCILE.
Section on a 6 c.

oeoeoN
nnonr^r> ioooooooooooo

Fig. 98.

Combustion-chamber.

Fig. 98A.

two plates are kept from spreading by distance-bolts, as

at aa, and by small cross-plates, with edges turned down,
as at bb, on which the heads of the bolts rest. The cross-

bars or bridges are sometimes simply plates bent into the

shape shown in Fig. 97.

The bars or bridges act as rigid girders, transmitting
to the back- and front-plates the whole of the pressure on



252 MARINE BOILERS [CHAP.

the crown. To relieve these end-plates, the systems of

bars, and stays from the shell, have sometimes been com-

bined, as, for example, on the Cecile
;

but this involved

the same drawbacks as attended the use of furnace crown-

stays (Fig. 98).

Fig. 72A shows a combustion-chamber, in which the

shape of the crown assists in resisting compression.
All the foregoing illustrations are taken from return-

tube boilers.

In direct-tube or Admiralty type boilers, where the

crown of the combustion-chamber is very close to that of

the furnace, and consequently exposed to great heat, the

exercise of still greater care in their construction is necessary.

91. Various Types of Boiler Tubes and their Spacing. Boiler

tubes receive the hot gases as they emerge from the

combustion-chamber, and it is by their means that a large

portion of the heat is transmitted from the fire to the

water. Generally speaking, the longer and smaller they

are, the better do they fulfil their duty of cooling the

flames
;

the question of their length and diameter is,

therefore, intimately connected with that of the efficiency

of the boiler. It will be sufficient, for the present, to state

that, in practice, their internal diameter varies from 2 to

3 ins., and that the tendency in the French Navy, on the

abandonment of cylindrical boilers, was to use small

diameters.

In regard to construction generally, the important points

to be studied are the quality of the metal, the spacing of

the tubes, and the type of tube-joints.

Boiler tubes are made of iron, of steel, or of brass.

Iron and steel tubes are cheaper than brass ones, and,

as regards the transmission of heat, are in no perceptible

way inferior to the latter. With a thickness of /^nds of an

inch, which is that given to brass tubes, they last well,
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say some three or four years in boilers in constant use. At

the present time they are almost the only ones fixed on

passenger vessels. Much discussion has taken place on

the relative merits of iron and steel tubes, without any

very definite conclusion being arrived at. Tubes of rather

hard and tough steel possessed this advantage, that they

could be taken out without loss of shape and replaced

when the ordinary conical mandrel was used to expand
them; but, at the present time, owing to the " Caraman "

system being employed, the tubes are so accurately fitted

in place that they have to be split to remove them, and

cannot be replaced until fresh ends have been welded on.

Steel tubes are electro-negative in the presence of

iron, and should have, on that account, a shorter life than

iron tubes, as galvanic action, according to some authorities,

is said to take place.

Iron tubes sometimes have copper ends welded on

to them in order that the expansion, which increases with

the temperature, may increase the tightness of the joint.

This practice, which obtained mainly owing to the employ-
ment of copper fire-boxes, is now being discontinued.

The great disadvantage of brass tubes is their price,

and, moreover, that at a temperature of about 400 Fahr.

they lose a good deal of their strength. Their long life is

their chief recommendation
;

if made of very homogeneous
metal they may last out several boilers by being simply
re-ended with brass or copper. They have also the

enormous advantage of not deteriorating when the boiler

is laid up, during which time iron or steel tubes are liable

to become pitted and perforated ;
this last quality renders

them peculiarly valuable for use on warships. Further,

brass tubes do not give rise to any injurious galvanic

action, and their greater expansion does not seem to have

any bad effect on tube-joints. On the Condor, iron was

used for the stay-tubes, and brass for the ordinary tubes,
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without any injurious effect on the tube-plate being

noticed.

At the time the use of cylindrical boilers was discontinued

in the French Navy there was some difference of opinion

as to the best material to be employed for the tubes. For

instance, on the Isly they were of brass
;
on the Davout,

Cecile, and Wattignies, of steel with copper ends
;
and on

the Hoche and Marceau, of steel alone.

The most unfavourable instance of steel happened .on

the Marceau, where the tubes were found to be badly

pitted at the end of the trial voyage to Cronstadt. Since

that time, as the precaution has been taken to keep the

boilers full of water, slightly alkaline, both iron and steel

tubes have lasted longer. On merchant vessels, iron or

steel is preferred as being less costly ; nevertheless, on

some American boats they have come back to brass tubes.

The introduction of solid drawn steel tubes, manufactured

from bent plates or hollow ingots, has given a considerable

impetus to the use of steel, the employment of which

tends to become general. In the early stages the question

of price largely hindered its general introduction. The
mildest quality of steel is the best, say with a breaking

strength of 25 tons per square inch
;

hard steel is

inferior to iron. Steel containing 25 per cent, of nickel,

which is not affected by sea-water, would form a satis-

factory solution of the problem were it not for the difficulty

experienced in working it.

In order to increase the area of metal in contact with

the hot gases, tubes with internal ribs, or Serve tubes,

have been employed, of which sections are given in

Fig. 99- With the same diameter, Serve tubes have a

heat-absorbing surface 75 per cent, greater than that of

ordinary tubes, while the exterior heat-distributing surface

remains the same. After many years' experience with

Serve tubes on several steamship lines, it has been
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found that more work is got out of the boiler, resulting in

an economy in the consumption of coal per horse-power of

10 per cent.

The ribs of the Serve tubes are stopped within about

12 ins. of the end, to enable a conical Dudgeon, Caraman,

or other expander to be used. (Fig. 99A.)

The resistance to bending offered by the Serve tubes

has given rise to a fear that their rigidity would cause an

excessive strain on the tube-plates. Though during a trial
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on the Fleurus they caused leaks in the tube-plate, on

merchant steamers, on the other hand, according to Mr
Ellis, they have been at work under forced draught for

several years without being the cause of any trouble
;

further, on the American locomotives to which they have

been fitted, the result was an actual diminution of leaks in

the tube-plate.

In tubular boilers the ribs of the Serve tubes are

situated where the transmisson of heat takes place with the

greatest difficulty, hence their efficiency. In tubulous

boilers the contrary is the case, and the ribs are of little

practical value.

The Guebhard spirals or retarders consist of thin strips of

brass twisted into the form of a screw, and when used, are

placed inside the tubes. They agitate the gases, causing
all the particles to come successively in contact with the

sides, without in any way altering the heat-absorbing surface

of the tube.

Tubes have sometimes been given a slight initial set or

curvature so as to render them flexible and capable of taking

up expansion without injury. This arrangement, which is

inapplicable to stay-tubes, though it seems reasonable at

first sight, does not appear to have been advantageous in

any way.
There are two ways of grouping the tubes, one in zigzag,

as shown in Fig. 100, the other in parallel lines, as in

Fig. 101.

The latter allows of a greater number of tubes, in the

proportion of ^/^ or 1-15 to i, and at the same centre to

centre distance, consequently, with the same width of plate

between each hole. This arrangement was preferred for a

long time, as to obtain the greatest possible heating surface

was the only object aimed at, and this caused the tubes to

be placed as close together as possible, consistent with the

exigencies of construction. Later, more attention was paid
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to ensuring the escape of the steam bubbles, and at times

the tubes were placed farther apart, although some of the

benefits of the zigzag arrangement were thereby lost. The

rectangular position facilitates the escape of the steam

bubbles, the circulation, and consequently the transmission

of heat, and is more favourable for cleaning the exterior

of the tubes.

As examples of the zigzag arrangement may be

mentioned the boilers of the Marceau and of the Davout

(Admiralty type), as also the cylindrical return-tube boilers

which were the orthodox type in 1877. Fig. 100 represents

Fig. 100.

the spacing of the tubes of one of these boilers
;
the external

diameter of the tubes is 3 ins. (2f+^x 2), the distance, centre

to centre, is 4 ins., which leaves i in. of plate between each

tube. In the Cfaile (double-ended boilers), the Hoche

(Admiralty type), the Gotland (return-tube), and others,

the rectangular arrangement was adopted (Fig. 101). On
the Gotland's boilers the tubes are 3 ins. outside diameter

(3i+ l X2 ) and are 4^ ins. centre to centre, which only
leaves | in. of plate between them.

The predominant advantage of a good circulation having
been now recognised, the rectangular arrangement is

generally preferred at the present time. It is even the

R
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practice at times to omit a row of tubes vertically over the

centre of each furnace in order to facilitate the escape of

the steam bubbles formed on the furnace, and which appear

to constitute about one-third of the total steam produced.

On the Sfax, where this row of tubes was subsequently

removed, it was proved that the priming which took place

prior to this being done was thereby entirely stopped.

In America, where only the rectangular arrangement is

used, the tubes are placed further apart horizontally than

they are vertically. Thus, on the Minneapolis, tubes of

2\ ins. external diameter are spaced 3 ins. centre to centre

vertically, and 3! ins. horizontally.

It will be seen that the tubes cut up the tube-plates until

only a third, or even a quarter of their original section is left
;

but it is not such an important source of weakness to the

boiler as the presence of the furnace itself.

92. Tube-joints and their Protection. The joint between

the tubes and the tube-plate is one of the most intricate

subjects in connection with cylindrical boiler construction,

and demands the most careful consideration.

Formerly, when temperatures did not exceed 250 Fahr.,

and when pressures did not exceed 30 Ibs., when, moreover,

forced draught was unknown, the holes in the tube-plate

were left TVth larger than the tubes themselves, which were

by no means always perfectly round. The tube was first

inserted, and was then expanded, by a conical drift driven

in with a sledge hammer
;
and the tube kept in place by

a slightly conical ferrule, driven into position so as to keep
the tube from contracting. On warships the tube was

riveted over on the outside, as shown in Fig. 102, but only

at the combustion-chamber end.

By this means tight joints were obtained at a compara-

tively small cost, and the joint was so good, that some

engineers were of opinion that stay-tubes were an un-
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necessary precaution. During this period several kinds

of removable or dismountable tubes were successfully

employed.
With the rise of temperatures in the steam, and

especially with the intensity of combustion accompanying
forced draught, tube-joints began to give way everywhere.

Leakage from the joints rusted the plates, gave rise to what

is known as "bird's nesting," and obstructed the tubes;

the leaks became, in

many cases, so serious

that they formed regular

streams falling into the

ashpan and thence into

the stokehold. Here they

occasioned more alarm

than actual harm, but at

the same time necessi-

tated, for the sake of

prudence, the immediate

lowering of the fires. In

some cases this loosening XNX^VI Fir 102

of the joints became a

very serious evil, for the escape of steam was strong enough
to drive the fires back into the stokehold, even against a

forced draught. Luckily, the tubes have always a tendency
to protrude through the tube-plate instead of withdrawing
themselves.

To improve the joint of the tubes with the tube-plate, the

Dudgeon roller-expander was introduced, which, bearing

only on three points at a time, was much more powerful than

a mandril, which bears all round simultaneously. Thus
it became possible to form a shoulder close up to the tube-

plate (Fig. 103), an arrangement adopted mostly on stay-

tubes. The Dudgeon expander was improved upon by
M. Caraman, who placed rollers obliquely to the axis of the
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mandril, thus forming a self-feeding expander, with which

a very large expanding force can be exerted. M. Caraman

also uses two circular grooves in the thickness of the tube-

plate into which are inserted two rings, one of brass wire and

the other of German silver, the pressure of the mandril forcing

them into the metal of the tube (Fig. 104). When the Cara-

man process is used, there is no occasion to have copper
ends on the brass tubes of torpedo-boat locomotive boilers,

and stay-tubes may be altogether dispensed with. Tubes

expanded on the Caraman system are never riveted over

Fig. 103.

the tube-plate, as the hammering would destroy the effect

of the Caraman expander.

By these means tubes can be kept tight under the most

intense combustion, provided always that the firing is

regular. Many successful four -hour trials have been

carried out with tubes expanded on the Caraman or the

Dudgeon systems while burning 40, 50, or even 56 Ibs. of

coal per square foot of grate per hour. To ensure an

entire absence of leaky tubes it is not sufficient that they

should be expanded by skilful workmen, but the firing

also must be done by practised hands, especially in

direct-tube boilers, whether of the cylindrical or of the loco-

motive type. The slightest irregularities during firing, such

as a furnace door kept open too long, or local thinning of
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the fire on some part of the grate, giving rise to indraughts

of cold air, are often fatal to the tightness of the tubes.

The changing of the stokers at the end of each watch is

always a critical moment.

All said and done, the perfect tube-joint has yet to be

discovered. Ordinary tubes have been screwed similarly

to stay-tubes, but the improvement does not warrant the

extra cost. Attempts have been made lately electrically to

weld steel tubes to the tube-plates, and this may turn out

to be a solution of the difficulty when this class of work

has been further perfected. Finally, attempts have been

made to overcome the primary cause of the accidents, which

may be briefly described as follows.

The principal cause of injuries to tube-joints appears to

be the great difference of temperature existing between the

tube-plates and the tubes themselves. The thickness of

the tube-plates is sufficient to raise the fire side of the

plate to a temperature of 180 Fahr. higher than that on

the water side of the plate. In addition, under brisk

firing, the plate is kept from direct contact with the water

by a compact swarm of bubbles, forming a layer of steam

behind the tube-plate, while the tube-end, always cooled

by conduction, cannot become much hotter than the body
of the tube, which is surrounded by water. The tube-plate

may, therefore, attain a temperature of 750 or even 850

Fahr. round a tube whose temperature is only 480 or

580 Fahr. at the most. The hole may therefore become

Tinnrths of an inch larger than the tube (supposing it to

be of the same material as the plate), and the joint becomes

unreliable, however great may have been the pressure

originally produced by the expander. Under these con-

ditions the joint is bound to give way should any cooling

of the gases occur, for the tube would be affected by it

long before the plate.

The failure of a tube-joint is almost always attended
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by a slipping of the tube in the plate, due to longitudinal

expansion ; this, and the pressure of the steam acting on

the tubes, have not so far been taken into consideration.

When the boiler cools, the tubes come back into place,

and the boiler may seem tight even under hydraulic

pressure, but directly it is put under steam again the leaks

reappear. It is necessary, therefore, to lessen as far as

possible the difference of temperature between the tubes

and the tube-plate. Many means

have been tried in order to attain

this end.

On the steamers of the Russian

firm, Nobel, which run on the

Volga and the Caspian Sea, and

which are fired with petroleum,

good results have been obtained by

avoiding all projection of the tubes

beyond the tube-plate, and by

turning over the end of the tube

within the thickness of the tube-

plate (Fig. 105). The stay-tubes,

the nuts of which used to burn

as badly as the old rivet-heads,

were given up, as were also the

nuts and washers on the stays.

In America, the tube-ends

have sometimes been projected

Fig. 105.

^*^^S

Fig. 106.

beyond the tube-plate, and the ends have been turned over

a ring of triangular section, as shown in Fig. 106, whereby
it was expected that the temperature of the tube-end would

be raised.

In England, on the contrary, the edge of the plate next

to the tube has been protected from contact with the fire,

thereby keeping down its temperature. After trying an

earthenware ring for the purpose, one of malleable cast iron
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was designed. These ferrules are shown in Fig. 107, several

different varieties of which have been brought out.

This class of ferrule has also been used in France. Those

fixed to the boilers of the Fleurus are shown in Fig. 108. It

will be seen that the tubes of the Fleurus are screwed into

the tube-plate. This

screwing gives a bad

metallic contact and

renders the changing of

a tube almost an im-

possibility due to the

enlargement of the hole

in making good the

thread.

The result of all this

investigation, and of the

various attempts to avoid

the danger of injury to

the tubes at the joints,

is that forced draught
has been almost entirely

abandoned, as mentioned Fig. 107.

on page 79, which means that only half the heat which could

be produced and transmitted to the water through well-

designed tubes is now available in marine boilers, or only

a quarter of the heat which the boilers of locomotives will

support without injury in the hands of skilful stokers. This

want of adaptibility to forced draught, owing to the

weakness of the tube-joint, places tubular boilers at a

serious disadvantage in comparison with tubulous boilers

with accelerated circulation.

The foregoing precautions, though inefficient as joint-

tightening devices at the combustion-chamber end, are, on

the other hand, superfluous at the smoke-box end. The

hole is bored from 0.04 to 0.08 in. larger in diameter
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than the tube, and it is only necessary to expand the

tubes well to ensure a tight joint. By heating the air

supplied to the furnace, the access of cold air currents

to the tubes is prevented and the risk of leaky tube-joints

is diminished.

93. Stay-tubes. So far, only ordinary boiler tubes have

been dealt with, viz., those intended for the passage of

hot gases, and not specially designed to act as stays to

the tube-plate, though they do so to a certain extent.

108. Fig. 109.

Mention must, therefore, be made of stay-tubes, which, in

some instances, have been dispensed with in the mercantile

marine, while the use of the Caraman system tends to

render their employment unnecessary in the navy.

Stay-tubes are intended to keep the two tube-plates at

a fixed distance apart. They are generally made of the

same material as the others, but of double the thickness
;
this

increase of thickness is not followed by an increase in the

expansion, or any undue straining of the tube-plates.

Formerly, stay-tubes were held in position by two nuts

on each side of the tube-plate. The present practice is

to tap the plates, and nuts are no longer necessary except

as lock-nuts. A single nut, or even the riveting over of

the tube-ends, is therefore found sufficient. The ends of

the stay-tubes are thickened about T\th of an in., so as not
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to be unduly weakened by the threads. Fig. 70 shows the

distribution of the stay-tubes in the boilers of the Savoie

and Lorraine.

.

94. Tube-stoppers. It sometimes happens, when boilers

are under pressure, that leaks occur in the body of the

tubes, either through pitting, defects in the welding or
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drawing, or by a transverse crack where the tubes have

been re-ended. Formerly, when this occurred, fires were

at once drawn, and if there were not time to make

immediate repairs, the two ends of the damaged tube

were stopped with conical wood plugs driven hard home.

These wooden plugs had an uncertain hold, even in

the times of low pressure. With the pressures now in

vogue, they are useless. The tube - stoppers at present

Figs. 113 and 113A.

employed are joined together by a tie-bar, which may be

in one or more pieces. Figs, no, in, 112 show three

different kinds of these.

The first two have a wedge action, and the last makes

a tight joint by a pressure on the tube- plate itself. In

all three cases, as the plugs are inserted at the combustion-

chamber end, it is necessary in each case to draw the

fires.

To allow of plugging without drawing the fires,

M. Houille, an engineer in the French Navy, has invented

a tube-stopper, with stuffing -boxes at either end, shown
in Figs. 113 and ii3A.

The joint is made by means of asbestos rings pressed

between two metal blocks A and B, which force the

plastic material against the sides of the tubes. The front
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packing is held in place by the hollow tube T, which is

kept central by the rings R R. When the screw E is

tightened up, the asbestos is flattened simultaneously at

both ends of the tubes.

Another tube -
stopper, which obtains the same results

by simpler means, but at the loss of some tightness, is

that of M. Latil, shown in Figs. 114, H4A, and 1146.

It consists of a rod, at the end of which is hinged a folding

plug, that can be passed through the tube, and which

opens out or unfolds in the combustion -chamber when

pulled into position. At the smoke-box end an india-

rubber washer, pressed between two metal washers, affords

temporary protection while the plug is being fixed in

position. The fixing of the whole apparatus takes about

five minutes.

Tubular boilers have a great advantage over tubulous

boilers in that it is possible to plug the tubes of the

former without emptying the boiler, while with the latter

this is impossible.

95. Smoke - boxes and the Dangers attendant upon too

sudden Cooling. On leaving the tubes the gases of com-

bustion enter the smoke-box, which is a casing attached to

the face of the boiler, from whence they pass into the funnel.

In the smoke-box, facing the tubes, is a large opening,
closed by a double -

flapped door, for the purpose of

cleaning or sweeping the tubes. This operation, which

has been described in paragraph 48, is not only very trying
to the men and detrimental to the boiler, but also interferes

with the draught, as, directly the smoke - box doors are

open, the air from the stokehold takes a short cut to the

funnel. Before cleaning the tubes, fires should be damped
to avoid lowering the temperature too suddenly.

The cleaning process should be done as smartly as

possible, and taking each boiler in succession. In some
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cases the smoke - box has been divided up so as to

correspond to the number of furnaces. Only one furnace

at a time is thus put out of action, and, what is more

important, with forced draught the furnaces are in-
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dependent of one another. In these cases a damper R
is fitted into each division of the smoke -box A, and

prevents any indraught of cold air through an open

door, which would check the general draught of the

chimney (Fig. 115). This sensible, though rather com-

plicated, arrangement has not found much favour.

Should the engines be suddenly or unexpectedly stopped
the noisy blowing-off from the safety-valves can usually

Fig. 115.

be checked by opening the smoke -box door. This

proceeding, which for a long time used to be practised

with the greatest recklessness, should be most strictly

prohibited on tubular boilers, on account of the strains

to which it subjects a boiler when steaming hard. The

terrible accident to the boiler of the Revanche must not
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be forgotten, where, through the opening of the smoke-

box doors, the steam dome suddenly gave out.

At the present time the smoke - box, like the funnel

hj ^
1

9 i

M 1

and uptake, is not made an integral part of the boiler

proper, but is simply attached to it. This used not to

be the case on rectangular boilers, where the top of the
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smoke - box passed through the steam space, and the

abandonment of this arrangement has very much simplified

boiler construction.

o
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96. Boiler Shell. The various internal parts of the boiler

just described, being heated on one side by the products
of combustion, and being on the other side in contact

with the steam and water, are in compression. The boiler

shell, which is exposed to the atmosphere on the one side

and to the steam and water on the other, is in tension.

The boiler shell is composed of two parts, the one
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cylindrical, which constitutes the shell proper, and the

other flat, namely, the front and back.

The shell is the most important part of the boiler,

and has to bear the greatest strains. It is the only part

where the strains can be estimated even approximately

or where any comparison with those existing in other

boilers can be established. In tubular boilers the stress

on the shell-plates limits the pressure at which the boilers

can be worked. Fifteen years ago the thickest iron boiler

plates made were ij^ths ins., while in steel they are

nowadays made up to i|ths or i TVths ins. or even higher.

Particular attention has been paid to the longitudinal

seams of the shell, in order to give them at least 80 per

cent, of the strength

of the solid plates,

and they are nearly

always butt -jointed,

with double butt-

straps. There are

generally four or six

rows of rivets, two

or three on either

^ side of the seam,

kmm\\\\\\mm^\\N^^^ every alternate rivet

being usually omitted

in the outside rows.

The size and spacing
of the rivets is determined according to the usual rules

laid down for riveted joints. Fig. 117 shows the spacing
of the rivets of the longitudinal joints as used in one of

the large German liners.

The transverse joints, which are subject to lower

strains, are usually lap- or scarf-jointed, and have two

rows of rivets.

The joint where the longitudinal and transverse seams

Fig. 118.

Fig. 119.

Fig. 120.
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cross one another, may be made in different ways. Fig.

118 gives the simplest, but not the strongest, form in

general use. The inside longitudinal butt-strap is generally

made continuous throughout the total length of the

transverse joint, as shown in Fig. 119, thus increasing

the length of the longitudinal joints fitted with double

butt-straps by the distance a b. As the rivets nearest to

Section on a 6.

c_ pj p poppp
,
;
^Qjo"6"oo"d'o"o

Section on c d.

Fig. 120A.

the ends of the butt-strap are liable to particularly excessive

strains, and as the caulking at c is very difficult to keep

tight, the arrangement shown in Fig. 120 may be used

with advantage, as the plates have no tendency to slip at

the caulked joint c.

The ends of the inside butt-straps which come between
s



274 MARINE BOILERS [CHAP.

the two plates of the shell are splayed out, as shown in

Fig. I2OA.

On the flat ends of the boiler the joints are double

riveted, and are always much stronger than the solid

plates themselves, as these latter are weakened by the

openings of the tubes and furnaces. Boiler-ends stamped

out, as they sometimes have been, of one piece, may be

looked upon rather as a feat of manufacture than as

fulfilling the conditions dictated by the necessities of

construction.

The upper portion, and some parts of the lower portion,

MARCEAU.

Fig. 121.

(Figs. 70 and 7OA), of the boiler-ends, where not stayed,

as in the steam-space, are held together by tie-bolts

calculated to bear the whole pressure of the steam. These

tie-bolts are generally spaced about 16 ins. apart, leaving

room for a man to pass. They are fastened to the plates

by two nuts, one inside, the other out (Figs. 121, 122). The

interior nut is provided with a washer only, a good red-lead

joint being made between it and the end-plate. Red lead in

this position is not objectionable. The exterior nut, which
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takes all the strain, bears on a large, thick plate, often

riveted to the shell and strengthening it locally so as to

prevent any bulging of the main plate in the vicinity of

the bolt.

The boiler-ends are turned over so as to make a joint,

with the shell-plates. Fillets are used with as large a

radius as possible, in order not only to relieve the strain

on the plates, but also to give the joints between the

end-plates and the shell a certain amount of elasticity, or

rather flexibility, to which considerable importance is

attached in high-class boiler-work.

Sometimes the shell- and end-plates are stayed together

by gusset-plates and angle-irons so arranged (Fig. 121), as

not to fit all the contours of

the joint, whereby the work is

much simplified. These gusset-

plates make the joint very rigid

and do away with all the elasti-

city of the fillet
; their usefulness

is, therefore, more than doubt-

ful, and, indeed, they are seldom

employed at the present time.

The edge of the end-plates at

the joint with the shell is now,
as a rule, turned outwards, as Fig. 122.

shown in Fig. 122, and hydraulic riveting is thereby much
facilitated.

The riveting of boiler shells, though following the

ordinary accepted rules for riveting, must be done with

great care, and almost entirely by hydraulic machinery.
Stationary riveters are employed on the cylindrical shell

and at its junction with the end-plate. For the front and
back portable riveters with deep gaps are used, one arm of

which is inserted into the furnace mouths; the furnaces, if

arranged as in Fig. 90, are riveted to the ends by hydraulic

)
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riveters. The work of the hydraulic riveter can be regulated
to a nicety. The total pressure exerted on the rivet

should be about 95 tons to the square inch
;

if the pressure

be too small, the rivet is badly closed, the hole is not

completely filled, and the plates are not well brought

together ;
if the pressure be too great, the metal spreads

between the two plates and keeps them apart, a shown in

Fig. 123. To avoid this defect a concentric die holds the

plates together while the rivet is being closed.

The caulking of the shell-plates, indeed the work on

every part of the boiler as a whole, requires very great

skill on the part of

the boiler-makers. The
work is a deafening one

in the shops, and par-

ticularly awkward for

the men who have to

work inside the boiler

itself. Of late, small pneumatic riveters and caulkers,

worked by compressed air, have been introduced, which,

by a series of blows in quick succession considerably

reduce manual labour and the amount of noise.

97. Strength of Boiler Shells. Stress on Materials. Unequal

Expansion. It is only in the case of cylindrical shells that

reliable calculations of the stress on the material can

be made, and by assuming hypothetical conditions the

formulas become very simple. It is usually taken for

granted that the back and front do not in any way assist

the shell against bursting pressure, and also that any
increase of diameter is uniform throughout its length, so

that the shell-plates are uniformly stressed throughout. Let

/ be the length in inches.

d the diameter in inches, and

t the thickness of the shell-plates in inches
; let, also,
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P be the pressure in the boiler in Ibs. per square inch

and,

T the tensile stress on the material, per unit of length,

in Ibs. per square inch.

The total load on the shell-plate is therefore :

Id P.

The resistance is : 2 / / T.

From which it follows that : 2 t T=d P
dP

(0 T =
2 t

Though not exact, it may be assumed that the values of

T, obtained in this way, are at any rate proportional to the

maximum load, and can therefore be compared on different

boilers. Equation (i) gives :
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and have risen from about 4 to 4.9 tons per square inch, and
even as high as 6.2 tons per square inch. From the point of

view of strength this increase is justified by the improvement
in the nature of the steel employed. The boilers of the

Cecile and the Isly date from a time when the material for

shell-plates had only to comply with the following tests :

Plates from .80 to 1.20 ins. in thickness :

Tensile strength . . . 25.5 tons

Extension .... 26.0 per cent.

Quality factor 51.5

The shell-plates of the Lorraine had to stand more severe

tests :

Tensile strength . . . from 32 to 35 tons

Extension .... 20 per cent.

Minimum quality factor 52

With a pressure of 125 Ibs. per square inch these plates are

not more stressed than the plates of the Isly under a pressure

of 95 Ibs. per square inch.

The tensile strength laid down by the Engineering
Standards Committee in the recent specification for Marine

Boilers, published by that Committee, is as follows*:

For shell-plates :

Tensile strength . . . . 28 to 32 tons.

Extension ..... 20 per cent.

Quality factor 48
For plates intended for flanging and welding :

Tensile strength . . . . 26 to 30 tons.

Extension. ..... 23 per cent.

Quality factor 49

* Abstracted by permission of the Committee from the Standard

Specification for Structural Steel for Marine Boilers. Report No. 14,

issued by the Engineering Standards Committee, February, 1905.



viii.] STRENGTH OF BOILER SHELLS 279

For stay-angle and tee-bars :

Tensile strength . . . . 28 to 32 tons.

Extension ..... 20 per cent.

Quality factor 48

For combustion-chamber stays :

Tensile strength . . . . 26 to 30 tons.

Extension ..... 23 per cent.

Quality factor 49

When nickel steel has been introduced on a practical

scale, new and important advances may be looked for, and

the following figures will be practicable :

Tensile strength ... 38 tons per sq. in.

Extension .... 30 per cent.

Quality factor 68

With a limit of elasticity of 25.5 tons per square inch the

steel is no nearer the breaking strength than with ordinary

steel with a lower limit.

The figures given for the elasticity of nickel steel vary

considerably with different experimenters, due, no doubt,

to differences existing in the material itself.

A table of results, by Mr Hadfield, is given on

p. 280.

An addition of 5 per cent, of nickel gave a material

suitable for plates, having a tensile breaking strength of

38.2 tons per square inch, with a limit of elasticity of

28.6 tons per square inch. An addition of 25 per cent, of

nickel, which has been referred to above in connection with

the subject of corrosion, cannot as yet be used in practice.

An increase of 20 per cent, in the stress in the plates

allows the pressure to be raised from 170 to 220 Ibs. per

square inch in a boiler of 16. i feet in diameter, such as the

boilers of the Lorraine. With boilers of 12.4 feet diameter

and three furnaces the same thickness of plates would stand a
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pressure of 280 Ibs. per square inch. In some cylindrical

boilers, a pressure of 270 Ibs. per square inch has already
been reached, a similar pressure to that in use with tubulous

boilers.

An increase in the tensile stress to which the shell-

plates are exposed, though it may not affect the strength
or safety of the boiler shell, if accompanied by a proportionate

increase in the elastic strength of the steel, may give rise to

local and internal straining. This addition to the tensile

strains, while not endangering directly the strength of the

shell, may give rise to excessive straining of the internal

parts of the boiler. .

The increase in the diameter, taken as uniform, would,

under the premises stated, be represented by the equation :

T d*P
^ X = -'

where E is the modulus of elasticity.

Under the hydraulic test, which usually amounts to 2 P
when P is below 85 Ibs., and to P+ 85 Ibs. when P is above

85 Ibs., it is found that, in the centre of the boiler where

the measurements are noted, the increase of diameter is

greater than is given in equation (2), and may be as much
as o.ooi d. Now an increase of f\ths of an inch in a

boiler of -y^, or 15 feet 7! inches diameter, would cause

the tube-plate to move considerably in those parts where

nearly the whole width of the plate has been cut away, and

the crown of the combustion-chamber would be consider-

ably strained where stayed.

If the shell-plates had only to resist a tensile strain in a

direction perpendicular to the axis, the expansion per unit

T
length in this direction, ^r, would be followed in the direction

fit

T i

of the axis by a proportionate contraction ^ X _. The co-
ll
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efficient
//,

is generally taken as equal to 3. When, therefore,
T^ T*

^ amounts to o.ooi, the contraction -=;X - is quite an

appreciable quantity, and would be represented by
of an inch in a direct-tube or Admiralty boiler -ff-, or

25 feet 5^ inches, long.

No general diminution in the length of the boiler has,

to the knowledge of the Author, been noted. Indeed the
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rivets on either side of the joint /",
u (for this will not affect

the argument), ;, ;/, and ^, r, are lines through the centres of

these rivets. The part ///, n, q, r, of the butt-strap is affected

T
by the extension

p, and, consequently, by the general

contraction of the butt-strap lengthways proportional to the

coefficient p. But, as the two parts , c, m, n, and 6, d, q, r,

which are unstrained, do not alter in length, they have a

tendency to force the adjoining ring at c, n, and r, d, and

thereby to cause a leak at n and r. Other parts of the boiler

might be selected where a pulling effect is observed
;
but the

above is the best established proof of those partial actions to

which reference has been made.

The end-plates tend to produce a strain on the shell in

accordance with the formula \ TT d* P.

In a boiler without stays the whole of the pressure would

be transmitted to the shell, which would, therefore, bear

a tensile strain T
l
determined by the equation :

(3) irrf/T^iirrf'P.

(4) T
1
=
i^P

= |T.

Instead of contracting, the shell would, therefore, expand
in the direction of its axis by an amount equal to :

T /
t

i \ T i

r(*->;
=
E*6-

In actual practice the stays take almost all the end thrust,

and the shell only bears one-sixth of it at most ;
it is, therefore,

only the stays that lengthen.

The exact analysis of the strains in the cylindrical shell

is difficult enough, but those of the two end-plates baffle all

solution. It has been assumed that the two ends do not

affect the tranverse strength of the boilers
;

there is an

evident want of agreement between this hypothesis and the

one which assumes that the cylindrical shell expands

uniformly.
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Unless the rounded-over portions of the end-plate give,

the uniform expansion of the diameter of the shell, along the

whole length of the boiler, would bring on to the end-plates

(even supposing them whole and not cut out at all) strains

per square inch considerably higher than those in the shell.

Under the hypothesis assumed, both the ends and the shell-

T
plates expand in the proportion ^ ;

but they expand in all

directions, instead of expanding in one direction and con-

T i

tracting in the other, by the quantity ^x -.
C* p*

Under these conditions the total load on the end-plates

Tj is given by the equation :

(6) T, =T -t =^Z_^_
;

p.- I 2 t fJi-l
'

taking /*
= 3 :

(7) T
i=i

T -

Owing to the cutting away necessary for the tubes and

furnaces, the end-plates would be quite incapable of resist-

ing such a tensile strain. Now, neither at the back nor

in the front do any of the plates, or even the rivet-joints,

ever show any signs of distress, even in boilers where the

gusset stays described above prevent any movement at

the joint between the ends and the shell. The natural

conclusion to be drawn from this is, that the ends are

only very slightly expanded. It is not difficult to see why
this is so. In reality the expansion of the boiler, in the

direction of the diameter, is anything but uniform
;

it may
amount to o.ooiaf in the centre part, but it is very much
less at the end

;
the shell, in changing shape, takes the

form as shown in Figs. 125 and 126. The cause of this

difference in the expansion (in the direction of the

diameter) lies in the resistance of the ends
;

it may also,

probably, be due to the deformation to which the ends
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are subject under the action of pressures parallel to the

axis. The end-plates, indeed, have a tendency to sag
round the stays, and this should lessen their diameter. It

is not beyond the range of possibility that the shells, near

their extremities, are subject to slight reductions of

diameter, instead of to an increase
;
this is shown in Figs.

125 and 126, in which the line m, n, represents the

original shape of the boiler before the deformation takes

place. In this latter case the total tensile strain on the

shell, expressed by the equation :

2 / 5 T <# = / d P,

would be the resultant of variable tensile strains T, of which

the greatest value would be very much larger than

The preceding considerations show the advantage of

allowing some change of shape at the joints between the

shell and the end-

plates, so as not to

force the former to

bend, in the manner

indicated in Fig. 125,

by sagging.
There is nothing to

be learnt, even for the

sake of mere compari- fi

son between one boiler

and another, by in-

vestigating the stress

on the metal, T, on Fig> 125 '

the supposition that the ends and the shell expand as a

rigid whole, nor in using the equation

(8) (2//+2^/ 1)
= /^P,

as has sometimes been done. The facts do not warrant it.

Pressure is not the only cause of strains in the shell
;
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difference of temperature between the top and bottom is

another. The hotter water naturally rises, leaving the

remainder compara-

tively cold, collected at

L the bottom, where it is
-n-

further cooled by the

ashpits, through which

a strong current of cold

air is constantly pass-

ing. The top, there-

fore, expands much
more than the bottom,

unless there is in the

boiler a circulation

brisk enough thor-

oughly to mix up the

whole mass of water.Fig. 126.

Let m, a, b, n (Fig. 127) represent the half of a boiler

on the right of the section m, n, before lighting up. The

Fig. 127.

different elongations due to the temperatures at each

point, if they were free to act, would give to each layer
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such a length that the section would become similar to

m, c, d, e, ;/, but this is obviously impossible. Hot or

cold the boiler must end in a plane normal to its own
axis

;
it therefore often takes a form similar to m, /, g, n.

It will be seen at once that, by this change of shape,

while the central strip //, /, maintains its length, as at

//, k, the outer layer m, f, becomes longer than ;;/, c;

while the innermost layer , g; becomes shorter than

,
e. The upper fibres are, therefore, in tension, and the

lower ones are in compression. On the Surcouf, where

the difference of temperature reached 216 Fahr., it was

calculated that the compression of the innermost fibres

corresponded to a load of 12.7 tons to the square inch on

the outside butt-straps, over and above any other strains.

This shows how necessary it is thoroughly to agitate

and circulate the water in order to avoid these great

differences of temperature, more especially in direct-tube

boilers like those on the Surcouf.

98. Permanent Set and Deformation. While investigat-

ing the strains to which different parts of the furnace,

combustion -chamber, and shell, are exposed, whether by
reason of unequal heating and expansion, or of steam-

pressure, it is always taken for granted that the parts are

not initially strained, and are in the same condition as

when under erection
;

in other words, it has been assumed

that the elastic limit of the metal has never been exceeded,

nor its physical properties in any way altered by former

heatings. This is anything but the case in actual practice.

When a strip of metal, free to change its shape, is

unequally heated, permanent set is produced. To take

the most simple case: suppose, for instance (Fig. 128),

that a strip of plate a b c d is highly heated on its lower

portion e f c d, while a b e f remains cold
;
the expansion

which should lengthen d f to d1 f1

being neutralised by
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the resistance of the cold part, the lower heated portion is

compressed beyond the limit of elasticity ;
at the same

time the upper cold portion is stretched beyond the same

limit, and, in addition, is not in any way annealed. On
cooling, a b will be longer than c d, and the piece of

plate will take the shape ^ b
l q dr Skilful boiler-makers

are well aware of the effects of partial heating, and make
use of them sometimes to obtain, without any hammering,
pieces of plate of complicated shapes.

These phenomena have been investigated by Mr
Yarrow, and M. Gamier, of the French Navy, has

a

Fig. 128.

followed up the subject more thoroughly at Indret by
experimenting on strips of iron and steel, with their ends

butted against strong and rigid castings. M. Gamier made
further experiments more nearly approaching the conditions

met with in practice, where the strips are firmly secured

at either end, and are stayed in the centre like fire-boxes

(Fig. 129). Finally, he experimented on discs of iron,

steel, and brass plate, exposed to local heating. The
results obtained agree very closely with those given by

theory ; they have confirmed the occurrence of permanent
sets in plates free to expand, and also the phenomena
known as "blistering."

The greater number of the different parts of a boiler

are so put together that they cannot alter in shape ; it
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follows that, instead of permanent set, permanent molecular

tension must be set up. These tensile strains are clearly,

manifested when a boiler is broken up. It often happens
when knocking off the heads of a row of rivets, that the

last ones strip off themselves, or, at any rate, that, on

taking out the rivets, the plates suddenly slide over one

another, so that the holes are no longer fair. It is

probable that these interior tensile strains have something
to do with the accidents to which boilers are liable.

And, further, experience would appear to show that

both iron and steel deteriorate, change their molecular

ZAP A ^f *\>



CHAPTER IX

LOCOMOTIVE BOILERS

3. APPLICATION OF LOCOMOTIVE BOILERS
TO THE NAVY.

99. Reasons for the Adoption of Locomotive Boilers. The

preceding chapters have been principally occupied with the

cylindrical boiler, which is the type till recently most largely

used upon warships, and is also, with very few exceptions

in general use in the mercantile marine. There is, how-

ever, another form of tubular boiler, which differs materially

from the ordinary cylindrical type ;
it is known as the

locomotive boiler.

Two reasons have led to its introduction into the

navy, namely :

(1) The question of weight. Cylindrical boilers are very

heavy on account of the large volume of dead water in

the lower part of the boiler, especially in boilers of the

non- return or direct -tube type. In locomotive boilers, on

the contrary, the furnace is only surrounded with small

water-spaces, which are just sufficient to utilise the heat.

For a working pressure of 130 Ibs., at which locomotive

boilers were first worked, their weight was about T\ths

of the weight of a direct-tube cylindrical boiler working
at the same pressure.

(2) Ability to stand high rates offorcing. Forced draught
has from the very beginning been employed upon loco-

290



H

s

O w
Q ^

g 8 o

3



292 MARINE BOILERS [CHAP.

motives
;

it was therefore natural that when forced draught
was introduced into the navy, the boilers which had always
been associated with forced draught should be introduced

at the same time.

The preceding considerations lead to the anticipation

that locomotive boilers would come into general use in

the navy, but these expectations have not been realised

and their employment has been limited to certain classes

of vessels. They have only been in use on torpedo-boats,

and torpedo-gunboats, and have now given place to the

tubulous boilers, and these are now entering into competiti-

tion with the cylindrical boiler upon larger vessels.

In England, locomotive boilers were adopted for the

coast-defence vessel Polyphemus in 1879, but they proved so

unsatisfactory that they were removed after a few trials and

direct-tube boilers substituted. Locomotive boilers were also

fitted in some torpedo-gunboats, and in one or two of the

earlier torpedo-boats and torpedo-boat destroyers, but they
have now nearly all been replaced by tubulous boilers. In

Italy, sixteen boilers of this type were fitted a few years

ago on the Lepanto, and they are probably still in service.

The most extensive use of this class of boiler was in the

German Navy, on the cruisers Hela, Wacht, Jagd, Komet,

Meteor, and on the eight coast - defence vessels of the

Siegfried and Beowulf class
;
but the substitution of water-

tube boilers for locomotive boilers has now been decided

upon at least for coast-defence vessels and the Aegir has

already been fitted with Thornycroft-Schulz boilers.

100. Description and Construction. As the employment
of locomotive boilers has not been general, and their

complete disappearance is probably only a question of time,

a brief description will be sufficient, the reader being referred

to works dealing with railway locomotive boilers for the

details of their construction. They are distinguished by the
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arrangement of the furnace, the two. sides and crown of

which are flat unbroken surfaces
; moreover, the bottom of

the fire-box is entirely open to the air, the draught being

due to the velocity of the train, as well as to the nozzle.

The furnace-plates, including the tube-plate, are now of steel ;

the tube-plate was formerly made of red copper hardened

by hand hammering, which reduced the thickness of the

plate by about TV inch.

The fire-box being high and unobstructed acts as a

combustion-chamber.

The outer shell of the boiler in the neighbourhood of

the furnace is composed of flat plates stayed to those of

the furnace, and the top of the boiler is semicircular in

shape, the furnace crown being suspended from it by

stays. The rest of the boiler is circular, being in continua-

tion of the semicircular portion above the furnace.

The tubes are very long and of small diameter.

The marine type of locomotive boiler differs principally

from the railway locomotive boiler in two points :

(1) The small amount of head-room available necessitates

the grate being placed much higher than in locomotives,

and consequently nearer the entrance to the tubes, and

the necessary space for thoroughly mixing the gases is

consequently very much reduced.

(2) The small amount of room available in length

necessitates the employment of shorter and stiffer tubes.

Unless locomotive boilers are handled with considerable

care, trouble is sure to ensue; leaky tube -joints occur

at draughts much inferior to those in vogue in ordinary

locomotive practice. Faults in the furnace-plates, furnace-

joints, and tube-plates, and corrosion in the bottoms of

the flat water -spaces necessitate frequent repairs. The
boilers do not last long, five years (torpedo-boat No. 16

and many others) being the usual life of this type of

boiler. The boiler of torpedo-boat No 21, however, lasted
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for nine years, and that of torpedo-boat No. 37 for twelve,

having, during that time, been 5000 hours under steam.

Their numerous failures have been ascribed to many
causes. Mr Marshall, for example, attributes them to the

lack of circulation near the tube -plate, and proposes

fitting a flat water -space under the furnace, where the

water, in all probability, would remain stagnant. This

arrangement, known as a "wet-bottom" fire-box, was fitted

in the British torpedo-gunboats of the ' (

sharp-shooter
"

class.

Figs. 131 A and 132A show two arrangements adopted to

prevent the hot gases reaching the tubes too quickly ;
in

the first case, the baffle is formed by a water-space, called

a "Tenbrinck" after the inventor, and in the second by
a prolongation of the fire-bridge.

Setting aside any defects in design, and above all of

position of the grate, the main difference between the life

of a boiler on board ship and upon a locomotive depends

entirely upon the difference in the nature of the service

they are called upon to perform. In locomotives, the

boilers are only in use for five or six consecutive hours,

after which they are inspected and cleaned
; they experience

neither change of stokers nor drawing fires, nor cleaning
tubes while under steam, or briefly, any of the severe

handling which is detrimental even to the strongest and

best constructed tubular boiler.

The reason that leaky tube-plates are not so prevalent

on locomotives as on board ship is principally because the

air-pressure in the furnace is nearly the same as that of

the surrounding air.

The pressure in the ashpan, due to the speed of the

train, overcomes, in fact, the resistance through the grate ;

and the draught due to the nozzle has only the resistance

of the tubes to overcome. In consequence, the opening
of the fire-doors on the locomotive does not give rise to
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the sudden inrushes of cold air, which are so detrimental to

the tube-plates of marine locomotive boilers. The resistance

of the grate and tubes in these latter has to be overcome

by the difference in pressure between the stokehold and

funnel. Consequently, the pressure in the furnace being
below that in the stokehold, due to the resistance of the

Y_ ^1

Fig. 133.

grate, any opening of the fire-door must necessarily give
rise to sudden inrushes of cold air.

It may also be noted that the flat furnace crowns of

the locomotive boiler expose a very much larger surface that

is liable to be overheated than do the crowns of cylindrical

boilers, should for any reason the feed be stopped. The
result of this overheating of the plates is frequently the

drawing of the stays, and consequent serious accidents to

the stokers. It may be remarked that the economy in
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weight realised by the use of direct-tube boilers with a

locomotive fire-box, might have been obtained by the use

of return-tube boilers, by constructing them as a half

cylinder, terminated at the bottom by a row of stayed

furnaces. Rigidity could easily have been assured by
means of stays placed in the lower portion, either at CD,
or even AB, Fig. 133.

This arrangement, which would not have exposed the

furnace crowns to any danger, was advocated by M.

Joessel at the time when pressures were 56 Ibs. per

square inch, but it has never been carried out.



CHAPTER X

4. GENERAL REMARKS

101. Life of Marine Boilers. After the foregoing descrip-

tion of the various causes of failure in boilers and the

precautions which must be taken to prevent them, it must

be admitted that the marine type of boiler, if well con-

structed and handled with care, is both reliable and durable.

Failure is more generally due to the result of chemical action,

to which, however, all boilers are exposed, than to any
mechanical strains. The most frequent sources of accidents

are leaky tube-joints or seams, which give rise to corrosion.

The boiler-shell sometimes shows rapid wear round the

feed-water inlet, and especially at the water-level. Formerly,
the iron furnace-plates were liable to blistering and other

defects, which have now been overcome by the use of

steel.

Local and deep pitting is often met with at those points

where the steam is produced in greatest abundance. It seems

as if the steam-bubbles hollow out a sort of nest or forming

place at this point ;
this kind of corrosion is, however,

mainly due to the action of air-bubbles. If the air-bubbles

once commence to free themselves at any point, they

continue to do so until the metal is deeply pitted. This class

of corrosion is very rapid, and apparently brings about

the liberation of hydrogen, and is further assisted by the

presence of carbonic acids. It is chiefly to be feared in

non-homogeneous material, or where brazing or welding has

occurred. It appears very little, if at all, upon steel,
299
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especially if the metal contains chromium or nickel, and it

is entirely prevented by the presence in the water of borax

or of an alkali. When they have never been subjected to

overheating, the furnace-plates will last as long as the

shell-plates.

Iron and steel tubes often corrode at the welds, but brass

tubes will outlast the rest of the boiler.

The reduction in thickness of the boiler-plate, brought
about by constant wear, is extremely slow. In many liners

the boilers are in excellent condition after ten years'

service, without having undergone any extensive repairs.

Even after they have been removed from the liners,

which is generally done after about twelve years' service

as a precautionary measure, the same boilers have been

worked on cargo boats for another five or six years.

Instances are not wanting where boilers have been in use

for over twenty years. As examples may be mentioned, the

boilers of the Notre - Dame - du - Salut on the Madagascar
station

;
and also those of one of the White Star Company's

liners, which were put in in 1871, and were still in good
condition in 1895.

In the navy, the intermittent nature of the service, the

long periods of inaction during which the vessels must be

held in readiness to be put in commission at any moment,
and the constant changes in the engine-room staff, are

not conducive to the long life of a boiler. Under these

conditions a boiler is not expected to last longer than

eight or ten years, and will have to be thoroughly over-

hauled at least once during that time. There is, however,

the satisfaction of knowing, that, in going into commission

with the ship's boilers in good condition, they will last

throughout the time the vessel is on a foreign station, and,

should occasion arise, the length of time in commission

may be doubled without necessitating extensive repairs

to the boilers while abroad.
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It should be noted that the above refers to return-tube

boilers alone, as boilers with straight tubes do not last as

long, and locomotive boilers cannot be used for three years

without repairs, their life being not more than six years

at the most.

102. Weight of Tubular Boilers. In getting out the total

weight of a ship, under the head of weight of boilers is

included everything that is concerned in their working, in

the purification of feed-water, in the production of forced

draught, and in general, everything connected with the stoke-

hold, including tools and spare gear. In the nomenclature

of the different parts composing this total, a complete list

without any omission has been aimed at, which is all that

is necessary.

In a work which attempts a comparison of different

types, and endeavours to show what changes of weight

correspond to a change of system, a more rational method

of classification must be employed. The following is most

convenient :

I. Elements varying with the working pressure II, and

whose weight per square foot of grate ought to be pro-

portional to that pressure.

1. Body of the boiler without fire-bars or masonry.
2. Stop-, safety-, and reducing -valves, separators on

steam-pipe and super-heaters.

3. Piping, and cocks and valves in the stokehold.

II. Elements depending on the rate of working, that is to

say, on the quantity of coal burnt per square foot of grate,

and on the quantity of water evaporated per square foot of

grate. The total of these weights per square foot of grate

should be proportional to the combustion K.

4. Feed-pumps.

5. Feed-water tanks and reserve tanks,

6. Feed-water heaters,
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7. Filters and purifying apparatus, and lime water-tanks.

8. Distillers for "
make-up" feed-water.

9. Water in feed and reserve tanks, and in the above-

named fittings.

10. Fans for forced or suction draught.
III. Elements independent of both II and K which ought

to be directly proportional to the grate-area G.

11. Water in boilers.

12. Grates, fire-bricks, and fire-bridges.

13. Funnels, uptakes, and smoke-boxes.

14. Non-conducting coverings, casings, and lagging of

all kinds.

15. Tools and spare gear.

1 6. Stokehold floors and ladders.

Logically, these latter should be classed with the hull.

It is very seldom in the machinery lists that any means

are found of allotting correctly the total weight among
these three groups P

x
the weight varying with the pressure

II, P
2

the weight varying with K, and P
3 the weight

independent or nearly so of II and K. Most frequently,

only the total weight, P = P
1+P2+ P3 ,

is given, the sub-

divisions being merely arbitrary distinctions for the purpose
of simplifying the classification.

Whatever the type of a boiler may be it is characterised

as far as weight is concerned by the ratio

the weight per square foot of grate. It is necessary, in

order to ascertain its true value, to determine its relation to

the water evaporated per square foot of grate, but as this

is hardly ever known, it is replaced by the power developed

per square foot of grate.

where F is the total indicated horse-power,
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The power B per square foot of grate is a very complex
element

;
it depends upon the combustion K and upon two

quantities, the water evaporated per pound of coal, and

the horse-power of the engine per pound of steam. Going
back to the only data usually given, which refers to these

two quantities, namely, the coal per horse-power hour C,

we have

(3) C-

From the value of D the weight of a boiler per horse-

power, we have

n P P G A AC
(4) D =

F
=
5
x
F
=
B
=
lr

This weight is then proportional to the weight per

square foot of grate and the consumption of coal per horse-

power, and inversely proportional to the weight of coal

burnt per square foot of grate.

It is known that the consumption per horse-power C
diminishes rapidly as the pressure rises

;
this is due to the

efficiency of the engine, which improves with the greater

number of expansions possible with high pressures, but

not to the direct effect of the pressure, as may be readily

shown in the following manner.

The boiler can evaporate practically the same amount of

water at all pressures, especially when the pressures are

high ;
this may be seen by reference to the Table in paragraph

23, giving the total quantity of heat Q contained in one

pound of steam at varying pressures.

On the other hand, the volume of one pound of steam V
is nearly inversely proportional to the pressure II at the high

pressures now in use
;

its value in cubic feet may be roughly
calculated from the equation

The two quantities, Q and II V, both remaining practically

constant, neither the efficiency of the boiler nor that of the
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engine would change if II varied
; consequently, C would

remain constant if the rate of expansion was not altered.

When the rate of expansion varies, only the weight per

horse-power of boilers supplying steam to similar engines
can be compared. The weight A per square foot of grate

expresses the lightness of a boiler for a similar consumption
of coal K

;
their weight per horse-power D expresses their

fitness to support this consumption K. The following ratio

then exists between these two weights :

A =K
D C

in which C is assumed constant.

In grouping together similar boilers and classifying these

groups according to the number of successive expansions
in the engines, the following Tables are formed for the most

recent types of tubular boilers :

In Table I. the total weight P is generally taken from the

table of weights, allotting to the boilers 40 per cent, of the

total weight of tools and spare gear allowed for boilers and

engines ;
the error committed in certain cases by this has no

appreciable influence upon the values of A and D.

The power F is the maximum horse-power obtained with

forced draught and with a consumption of coal K. As in

many cases, similar boilers, or at least, boilers which are

capable of standing the same intensity of draught, have been

experimented upon at very different draughts, depending

upon the consumption of steam of the engines, the figures

in column A give a better means of comparison of different

types than do those in column D.

Table II. gives the weight of the several component parts

of a boiler classified as elements depending upon the

pressure, elements depending upon the consumption of coal,

and elements depending directly upon the grate-area.

103- Space Occupied. Having given the weights of the
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various types of tubular boilers, the following Table gives

the space occupied :

TABLE III.



PART III.

TUBULOUS BOILERS.

GENERAL CONSIDERATIONS.

104. The Introduction of Tubulous Boilers into the French

Navy. The construction of marine boilers, at least those

for use in warships, has undergone complete transforma-

tion. The old style of boiler, with the fires and hot

gases surrounded by the water and steam which in the

bygone days of wooden hulls afforded valuable protection

against accidental fires, has been abandoned. In the types

now in use the water is surrounded by the hot gases.

The material of which the boiler tubes are composed is no

longer in compression, as was the case in the older type

of boiler, the principal stresses in the new type being of a

tensile character.

The boiler casing is usually of thin plate, often protected

on the inside by water-tubes arranged in the form of a

tube wall, and the casing plates are always covered by a

non-conducting material. It is therefore the casing and

not the boiler-shell which forms the outside of the boiler.

In the early days the form of the boiler had such an

influence on the pressure and method of construction that

it determined the names by which the different types of

boilers were known, such as "
Rectangular

" and "Cylin-

drical," but to-day the shape is no longer of importance as

a basis of classification.
306
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Although the difference between the two systems, one

of which has gradually replaced the other, is clearly marked,

a universally accepted name accurately describing them

has not yet been arrived at. The name, "Water-Tube

Boiler," as opposed to " Fire-Tube Boiler," is not satis-

factory, because there have been rectangular boilers with

water-tubes (Martin or Cochrane Boiler).

In reality, one of the principal differences in the two

types lies in the casing or shell, but it should be noted

that there are several types of watef-tube boilers having
walls composed of flat plates with a water-space between

them. The name "Multi-tubular Boiler" is quite un-

suitable for a type which sometimes contains fewer tubes

than the older type, and merely serves to convey that

the boilers are very tubular, all the heating surface being

composed of tubes.

In contradistinction to "Tubular Boiler," the name

which custom has allotted to the old cylindrical or

rectangular boilers, the term "Tubulous Boiler" will

generally be used, as it has at least the merit of simplicity.

The name, however, is of little importance, as in reality

there is little risk of confusion.

It is hardly accurate to apply the adjective "old" to

tubular boilers, and "new" to tubulous boilers, as several

types of tubulous boilers existed before cylindrical boilers ;

but whilst twenty or thirty years ago tubular boilers, on

taking a cylindrical form, came into general use, the

development of tubulous boilers has, on the contrary, been

very slow. The increasing importance of weight, and

the adoption of pressures too high for other boilers,

necessitated the introduction of tubulous boilers.

In spite of their acknowledged advantages, two causes

helped to retard the adoption of tubulous boilers. The
first was the difficulties experienced in working, which were

only surmounted by degrees, and which even at this
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present moment have not been entirely overcome
;

the

second was the corrosion of the thin tubes, which always
renders the durability uncertain. In this respect progress
has also been made

;
and it should not be forgotten that

the adoption of steel tubes in cylindrical boilers has

diminished the early superiority of this class of boiler.

The two great objections to the tubulous boiler have, there-

fore, gradually lost their weight. At present, in most navies,

tubulous boilers are exclusively used on torpedo-boats, and

on the class of enlarged torpedo-boats now becoming more

and more numerous, such as destroyers, and torpedo-

gunboats. They are being extensively used on cruisers,

and are beginning to be adopted on ironclads. Cylindrical

boilers are still employed on a few warships intended for

foreign service. Tubulous boilers are rarely met with in

the merchant service. The recent extensive adoption of

these boilers in the navy is principally due to the early

experience acquired on torpedo-boats.

The different types of tubulous boilers are of extremely
varied construction. Some types have only been

employed on land, but those only will be considered

which have been adopted on board ship, dismissing in a

few words all such as have not yet found their way into

general use afloat. Leaving aside constructive details,

the boilers are most readily classified according to the

means adopted for securing the circulation of the water.

Thus, in Chapter II., three different groups were mentioned,

boilers with limited circulation, those with free circulation,

and those having accelerated circulation. This classification

corresponds fairly well with the order in which the boilers

were invented.

Boilers with limited circulation, which might also be

called coil boilers, are characterised by the absence of

water-reservoirs. The Belleville is typical of this group.

Boilers with free circulation might also be called boilers
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with vertical reservoirs and horizontal tubes, the reservoirs

being generally formed of two rectangular or flat water-

spaces. The principal and best known inventors in this

group for the French types, are Joessel, D'Allest, Collet,

and Niclausse, and Babcock & Wilcox for the American.

Boilers with accelerated circulation have, as a distinguish-

ing characteristic, vertical tubes of various shapes connecting

horizontal and generally cylindrical reservoirs. The earliest

inventors were M. Sochet and Commander Du Temple.
The boilers of this group, constructed by Thornycroft,

Normand, Yarrow, Mosher, Guyot, and several others, of

which particulars will be found further on, vary very

considerably in form.

The three terms limited, free, and accelerated, do not

indicate successive and regularly increasing degrees or

rates of circulation. Free circulation is, in fact, free to

be insufficient or perfect, as the case may be.

For instance, it is possible that steam may be more

liable to accumulate in certain tubes of a D'Allest, Babcock

and Wilcox or Niclausse boiler than in those of a Belleville

boiler, though the first belongs to the class with free and

the latter to that having limited circulation.

Even in a boiler of accelerated circulation, there might
be a few tubes in which the circulation is feeble, though
it could never be entirely absent.



CHAPTER XI.

BOILERS WITH LIMITED CIRCULATION OR COIL BOILERS.

105. General Characteristics of Boilers with Limited Circula-

tion. The special feature of these boilers consists in the

employment of tubes rising in successive coils or folds,

each one of which receives the water at its lower end,

and discharges the steam at its upper end. The move-

ment of water is thus limited to what is necessary to

replace that which is evaporated, and that carried over

by the steam. The steam-bubbles move through almost

stagnant water, and their velocity is always low.

106. History of the Belleville Boiler, 1878 type. The

history of the Belleville boiler was for a long period

practically that of the tubulous marine boiler itself.

M. Belleville was, in fact, the first to grapple with

the difficult problem of the employment of tubulous boilers

on board ship ;
and he has brought to bear remarkable

perseverance and great fertility of resource to the solution

of the various difficulties which confronted him at each step.

The first Belleville boilers were tried on the Biche in

1856; they were composed of vertical iron coils, in which

the water circulated iri an opposite direction to the external

current of hot gases. The boiler as actually fitted is shown

in Figs. 134, I34A, 1346, I34C, and may be briefly described

as follows :

The feed-water was fed into the double coil E placed

at the bottom of the funnel, and which corresponds roughly
310
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BOILER OF THE
"ARGUS"

to the economisers used in the 1896 type. On entering the

actual boiler the feed water was divided in the distributing

box A between the two coils a and a1
,
which reached up to

the grate, and it returned through the coils b c, b^ cv which

lead into the steam collector B C. The coils b c and ^ ^
served as superheaters. The several boilers deliver through

the pipe H into a common steam-

main. The length of tube in the

economisers was 170 ft., and in

the boiler proper 380 ft. The

grate, much inclined, was formed

of two portions, being an early

form of movable grate. The

trials on the Biche happily did

not lead to any serious acci-

dents, but the results were not

satisfactory. Those of the A rgus

and Sainte Barbe made in 1861,

on a new and more simple type

shown in Fig. 135, were also

unsatisfactory, but the personal

qualities of the inventor were so

much appreciated by M. Dupuy
de Lome and M. Mangin that

they encouraged the continuance

of his experiments.

Ten years later, the Belleville boilers reappeared with

coils analogous to those of the Argus, and composed of

horizontal tubes, so arranged that the flames came first

into contact with the tubes full of water and then ascended

vertically among the remaining coils. The steam was

taken from the upper part of the boiler by a transverse

tube or collector, surmounted by a second tube, called a

''separator," which communicated with the collector by

very small orifices (Figs. 136 and I36A).

Fig. 135.
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This arrangement was adopted to prevent priming.
The new boilers were fitted to the transport Vienne, the

despatch boat Actif, a few gunboats of the Oriflamme type,

and more particularly on steam launches which at that time

were coming into general use.

STEAM LAUNCH (1866 TYPE).

P. Steam outlet,

a. Feed inlet.

Fig. 136.

On the launches they gave such good results that

the same model, somewhat modified, has been retained

up to the present day ; Fig. 137 shows a boiler as at present

in use.

In 1869 the Belleville boiler seemed to have been

sufficiently perfected, from a constructional and general

service point of view, as to justify its adoption by M. Dupuy
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de Lome on the yacht Hirondelle, a boat whose speed
demanded the use of high pressures.

Fig. 138 gives a transverse section of the first boilers

STEAM LAUNCH (1895 TYPE).

P. Steam outlet.

Fig. 137.

of the Hirondelle, and shows the feed -water collector at

the bottom, and the steam collector at the top with the

"separator" above it. The construction is the same as in
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BOILER OF THE " HIRONDELLE" (1869)
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E. Haffle. P. Steam outlet. a. Feed inlet.

Fig. 138.
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the launch boilers, the coils being composed of horizontal

tubes connected by vertical junction boxes.

The principal improvement in the Hirondelle's boilers

was the adoption of automatic feed -
regulators operated

by floats such as are still being fitted to modern Belle-

ville boilers (see paragraph 188). Automatic regulation was

apparently indispensable for the maintenance of a constant

level in the twelve boilers, which together only contained

115 cubic feet of water. A vertical separator was fitted

to the steam-pipe for the purpose of trapping the water

carried over by the steam.

In the light of present experience, the 1869 boilers

would not be considered adequate for the power expected

on the Hirondelle', nevertheless, on the 2ist March 1870,

a satisfactory trial was made, in which, while burning

19.9 Ibs. of coal per square foot of grate, 9.3 Ibs. of steam

were obtained per Ib. of coal, as estimated from the

diagrams.
The consumption of coal per horse-power was 3.8 Ibs.,

a satisfactory figure with non-compound engines. Subse-

quently, in service, these results could not be obtained,

and after a year of unsatisfactory working, it was recognised
that extensive alterations to the boilers were necessary.

The sound portions of the eighteen original boilers

were utilised in the construction of nine new ones. The
second half of the set were of new design as represented

in Fig. 139.

The tubes were inclined and connected by horizontal

junction boxes
;
this arrangement facilitated the disengage-

ment of the steam and has since been exclusively adopted.

In the 1872 model the "
separator" tubes were retained as

being the only known means of preventing priming and

regulating the output of steam. The automatic feed-

regulators operated by floats were replaced by others

actuated by the difference in pressure at the top and
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bottom of the boiler. These worked fairly well, but their

use has not since been continued.

The comparative trials between the two models of Belle-

BOILER OF THE "HIRONDELLE" (1872 TYPE)

E. Battle. P. Steam outlet. o. Feed inlet.

Fig. 139.

ville boilers in 1873 are still of interest. Difficulties were

there met with which should not to-day be lost sight of

when making an installation of powerful tubulous boilers.

The 1869 boilers were irregular in working, owing
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principally to the steam not being able to get away with

sufficient freedom.

The whole of the water was at times forced up from the

lower tubes, and on one occasion all the tubes in the lower

rows, which were full of steam, became red hot. Further,

on account of there being no steam reservoir, the slightest

irregularity in working had an immediate effect on the

engine-power, which oscillated between 651 and 971 horse-

power. This irregularity was especially marked with thin

fires
;
with thick fires an excessive amount of smoke was

produced, 5.4 Ibs. of coal were burnt per horse-power, and

the funnel became red-hot.

In the boilers of the 1872 model the steam was enabled

to get away with greater freedom, but other disadvantages

outweighed this, and the result as a whole was not satis-

factory. In order to regulate the output of steam, the

total section of the separator tubes was limited to 1.18 square

inches per boiler. The fall in pressure was such that with

a pressure of 57 Ibs. per square inch in the boiler, which

corresponded to the load on the safety
- valves, only a

pressure of 14 Ibs. per square inch was obtained at the

engines. When the separator tubes were made sufficiently

large to reduce the difference in pressure to 14 or 18 Ibs.

violent priming commenced and the fires had to be

slackened. Due to the irregularity of working, the pro-

duction of steam per Ib. of coal remained very low. After

the failure on the Hirondelle, M. Belleville, less discouraged
than ever, came to the conclusion that his 1872 model was

defective only in its details, more especially in regard to

the facility for the escape of steam. He retained, therefore,

the same constructive arrangements, which he has since

but slightly modified, and abolished the small separator-

tubes, adopting instead a steam drum or large separator.

He also placed a reducing valve on the steam -
pipe.

This valve could be regulated at will and successfully
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replaced the earlier small separator
- tubes. A drain, or

downtake pipe, was fitted to return the water from the

separator back to the feed-collector, the water passing on

its way through a settling tank where the solid deposits

BOILER OF THE "CHARLEMAGNE."

Fig. 140. Fig. 140A.

could accumulate. The embodiment of these alterations

constituted the 1878 model. This new type was tried with

success in 1880 on the Voltigeur, and soon became exten-

sively used.
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The principal applications of Belleville boilers as thus

constructed are those in the French Navy on the Rigault-

de-Genouilly, the Hirondelle (new set), the Milan (Fig. 14),

the Alger, LJger, Lforier, Charner, Bruix, Bugeaud, Trehouart,

Brennus, Bouvet, etc., etc. The English Admiralty tried

them on the Sharpshooter, and has since adopted them in

the Powerful, Terrible, Ariadne, Arrogant, Diadem, Europa,

Furious, Gladiator, Hyacinth, and Niobe, and their example
has been followed by the navies of other countries. Since

their adoption on the Ortegal in 1884, all the steamers of

the Messageries Maritimes, the Sindh, Australien, Polynesien,

Armand-Behic, etc., have been fitted with Belleville boilers.

They have, in fact, been more fully tested in actual service

than any other type of tubulous boiler, and their employment
is therefore attended with less risk and uncertainty.

The 1878 type cannot be regarded as definitely abandoned

in principle, as it is still preferred by some engineers, in spite

of the advantages of the 1896 type. A detailed description

is given in paragraphs 108 and 109, together with that of the

later boilers with economisers.

107. Belleville Boilers with Economisers. Comparisons with

the 1878 Type. The principal defect of the Belleville boiler,

as regards its suitability for naval purposes, a defect also

possessed by most boilers having free circulation, is its

falling off in economy as higher rates of combustion are

approached. The space above the grates is so restricted,

that the flames are liable, to a certain extent, to be pre-

maturely extinguished, and pass over the tubes in a smoky

state, the result being imperfect combustion and some-

times even re-ignition and secondary combustion in the

uptakes. Also the short course of the gases through the

tubes is unfavourable from the point of view of thermal

efficiency.

This inherent defect has been somewhat but not altogether
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remedied by the use of jets above the grate the steam jets

first adopted being now superseded by jets of compressed air,

(see paragraph 34), and also by skilful firing on lines which

experience has shown to give the best results with these low

furnaces. The first boilers of the 1878 type were only

comparable in efficiency with cylindrical boilers when work-

ing at very low rates of combustion, up to 20.5 Ibs., at which

rates all boilers are about equal. During the trials of the

Milan in 1884, the rate of combustion could not be increased

beyond 22.5 Ibs. per square foot of grate surface, the base of

the funnel being heated at times above a dull red. Ten

years later, on the Bugeaud, it was found possible, under good

conditions, to burn 25.6 Ibs. per square foot of grate. Since

then, this rate has been further increased, the best trials on

board with the 1878 type being those of the Bouvet, which

gave the following results :

Lbs. of coal per square foot of grate . . . 22'53

Water evaporated per Ib. of coal ... 8 '54

29-29

8-03

This increase in the permissible rates of combustion has

been principally due to the stirring and mixing action of

the compressed air-jets.

A great improvement was made in the Belleville boiler

in 1896 by the introduction of a feed -water heater or

economiser of large size placed above the steam drum.

There is a space between the boiler and economiser forming
a secondary combustion-chamber in which the gases may
re-ignite and complete their combustion before passing on to

the economiser, which is then in a position to abstract the

heat produced by the gases after they leave the boiler proper.
Also the number of boiler tubes has been reduced, facilitating
the escape of the steam and increasing the slight circulation

of water accompanying it. The passage of the water in the

economiser is from the bottom to the top (the opposite
X



322 MARINE BOILERS [CHAP. xi.

direction, although perhaps more correct in theory, would

seem to have involved too many risks), whence it passes to

the separator and then takes its usual course to the bottom

collector.

According to trials made at the St Denis works the

boilers with economisers produced in round numbers at

228 Ibs. pressure, 9.8 Ibs. of steam per Ib. of coal, at the

low rate of 15.4 Ibs. of coal per square foot of grate surface,

and 8.9 Ibs. of steam at the somewhat high rate of 31 Ibs. of

coal per square foot of grate. On a boiler intended for the

Marseillaise, the combustion was pushed as far as 35 Ibs.,

while obtaining an evaporation of 8 Ibs. per Ib. of coal.

The following are the results of a series of trials made
with a boiler of the Furieux :

Grate Area G
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have given trouble owing to their liability to internal pitting.
This may develop very rapidly, and is due to sluggish

circulation, and to the fact that the economisers contain

feed-water which has not been previously in circulation, and

is therefore unneutralised. Strong complaints on this subject

have been made in this country, accidents having been
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frequent, especially on the Europa. The complete purifica-

tion of the feed-water is certainly more necessary with

economisers than without.

Also, it is difficult thoroughly to clean the soot off the

economisers, owing to their inaccessibility. This must

largely affect the economy which otherwise would be

expected from their use. To this difficulty of cleaning

the heating surfaces may be attributed the results contained

in a report of the French Mediterranean Squadron, which

reports in general are very favourable to the Belleville

boiler. Three battleships, the Charlemagne, the Gaulois,

and the Bouvet, of which the two first only had economisers,

steamed in company from Royan to Toulon, and it was

therefore possible to compare their respective daily consump-
tion of coal. A slight advantage rested with the Bouvet,

which had no economisers, the rate of combustion being
moderate. Belleville boilers with economisers have been

fitted on H.M.S. Diadem with satisfactory results. Sir

John Durston gives the following particulars of these boilers.

They are thirty in number, twenty of them containing eight

generator elements and six economiser elements, six with

seven generator elements and six economiser elements, and

four with nine generator elements and seven economiser

elements. The tubes of the generator elements are of 4^ ins.

diameter, and those of the economiser elements of 2^ ins.

diameter. The following are the principal data for a

boiler having eight generator and six economiser elements :

Sq. Ft.

Grate area . . . . . 49

Heating surface of eight generator elements . . 995

,, ,, six economiser ,, . . 355

Total heating surface . . . 1,350

Ratio . . 27-5
Or.

The heating surface of the generator portion of the

Diadem 's boilers amounted to 29,600 sq. ft., and that of the
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economisers was 10,950 sq. ft., making a total heating surface

of 40,550 sq. ft. On the full speed trial with open stoke-

holds, these boilers developed 17,262 I.H.P., with a coal

consumption of 20.8 Ibs. per square foot of grate.

108. Description of the Modern Belleville Boiler. This

boiler, as now constructed, is composed of a number of

independent elements, each consisting of two vertical rows

of parallel tubes inclined two or three degrees from the

horizontal
;

those in the one row being inclined in the

opposite direction to those in the other, and being connected

to them at each end by horizontal junction boxes. The

complete element forms in reality a flattened spiral. A
boiler for a large ship would contain from nine to eleven

of such elements.

In the boilers without economisers illustrated by Figs. 140

and I4OA each vertical row of the elements consists of nine

or ten tubes generally ten
;
on the Bouvet, this gives a

course of 118 ft. for the steam bubbles from the bottom

of the element to the separator. The normal water-level,

supposing the contained water to be unmixed with steam,

i.e. free from bubbles, would be below the fifth row of

tubes, or about the mid-height of the element. This water-

level is indicated by the glass gauge affixed to the reservoir

provided at the front of the boiler. The actual level in

the tubes depends on the volume of the steam bubbles

intermixed with the water, which in turn depends on the

rate of evaporation. The water is distributed to the different

elements by a feed - collector of box section placed over

the fire-doors and running across the width of the boiler.

The connections to this collector are made by means of

nipples (Fig. 144) of very restricted area, the object being

to insure a uniform distribution of the feed-water, and to

reduce the difficulty of making a tight joint. This arrange-

ment effectively prevents any tendency of the water to



XI.] MODERN BELLEVILLE BOILER 327

reverse its direction of flow. The mixture of steam and

water passes from the upper end of the element through a

short vertical tube into the separator, the point of emission

being some height above the bottom of the latter. In this

separator, which is of somewhat small diameter, the water

is separated from the steam, and the steam connections are

mounted on the shell of the separator.

The method of drying the steam by causing the current

of steam suddenly to change its direction and velocity, so as

to project the liquid particles against the outside concave

portions of the passages, appears first to have been applied

by M. Belleville in his separators. These are fitted with

internal baffle plates running the length of the drum, and

of a shape in cross section which has been subjected to

great variation. Fig. 142 shows the somewhat complicated

arrangement adopted in 1894 ;
the edges of the baffles are

serrated. In 1901, these baffles were entirely discarded,

with the exception of a sort of bonnet over the connection

from the elements, and a perforated internal steam pipe

was fitted.

The feed inlet D is at the end of the separator (Fig.

143). The water is sprayed into the steam space at a

very high pressure, and the minute particles of water are

in consequence immediately brought up to the temperature

of the boiler. This arrangement was doubtless intended

in the earlier boilers to produce instantaneous precipitation

of the salts; in fact, up to 1884, M. Belleville hoped to

be able to work with sea -water alone, thanks to this

precipitation, and to the mud-drums at the bottom of the

down-comers.

These down-comers consist of a large vertical tube

descending from each end of the separator at F, and are

for conveying the water from the separator down to the

feed-collector. Their lower ends are connected to mud-

boxes (Fig. 141), which form a prolongation of the down-
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comer. The blow-off is fitted to these mud-boxes. A
non-return valve has been added to the bottom of the

down-comers, so as to prevent any return movement of

the water towards the separator ;
this valve, however,

hardly seems necessary.

A small cylindrical reservoir, placed about mid-height

of the elements, contains the float for actuating the automatic

feed-regulator, and carries the glass water-gauges.

The course of the furnace gases will now be con-

sidered. The grate is of the usual form and construction,

and the hot gases ascend vertically across the tubes. Before

the adoption of economisers two horizontal bafHes were

fitted amongst the tubes so as to compel the gases to take

a longer course. These bafHes have been retained although
the economisers have more effectively accomplished the

same object, viz., the better utilisation of the heat.

The disadvantage of the low furnace is overcome by the

energetic agitation of the gases by the compressed air-

jets. These jets, which have given such good results

with Belleville boilers, as indicated in the preceding

paragraph, were formerly applied without success to the

long horizontal furnaces of cylindrical boilers. The air is

delivered at from 10 to 14 Ibs. pressure by means of air-

compressors which form a somewhat cumbrous adjunct

peculiar to the Belleville boiler.

The adoption of economisers has led to a reduction

from ten to seven, in the number of rows of tubes forming
a boiler element

;
all the other features of the boiler, how-

ever, remain the same. The economiser is constructed

in exactly the same way as the boiler, but with smaller

tubes. It generally contains two elements less than the

boiler, and each of these elements has one or two rows

more tubes than those of the boiler
;
thus the boilers of

the Marseillaise have nine elements of seven rows each

in the boiler, and seven element of nine rows in the
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economiser, the total length of the courses through the

elements being respectively 95 and 87 ft., or a total of

182 ft.

Belleville boilers are essentially of the large tube type.
One design with tubes 3^ ins. outside diameter has been

used to a certain extent in the French Navy, but is now
almost abandoned. In recent warships the tubes have been

entirely of 4^ ins. diameter, spaced i in. apart horizontally
and ifV ins. vertically. On the steamships of the Messageries
Maritimes the tubes are 4T ins. diameter, with i in. horizontal

and ly
3
^ ins. vertical spaces.

The economiser tubes are of 2f ins. outside diameter, both

for the naval and merchant services, spaced iy% ins. apart,

vertically and horizontally.

The boiler casings are of thin plates, with a lining of

fire-brick around the furnace, the portions above this latter

being double, with a filling of ashes or asbestos between

them. Hinged doors are fitted in front of the boiler and

economiser elements.

109. Details of Construction. Successive improvements,
introduced during a period of more than forty years, have

made the Belleville boiler remarkable for the care and

skill bestowed upon the design and construction of its

very characteristic details. Its component parts, when

new, can be put together with great facility, thus avoiding
the necessity for large hatchways, as required with cylindrical

boilers, and which are so often difficult to provide. When
a tube gives out, the element containing it can be replaced

in two hours. Should a spare element not be available,

the tube itself can be replaced in four or five hours.

At the Belleville works the tubes are subjected to a

most minute inspection before use. In spite, however, of

all precautions, including the addition of lime to the feed-

water, the tubes were formerly very liable to local pitting ;
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they would also occasionally show signs of failure at the

weld, but in France, at least, serious ruptures due to over-

heating are unknown. The adoption of solid drawn tubes,

cold finished, constitutes a notable advance in construction,

and has greatly increased the life of the boilers.

Several fatal accidents due to tube ruptures have occurred

with the boilers constructed in England.
The tubes in the bottom row are fV in. thick, and the

remainder -^ in. thick, the economiser tubes being in.

thick.

Fig. 144 shows the connection between the elements B
and the feed-collector A. The joint is made simply by
the elements resting upon a small

conical nipple screwed into the top

of the collector, a thin nickel ring

being interposed to facilitate the

making and breaking of the joint.

Security is assured by the tee-

headed bolt shown.

The elements are connected

to the separator by flange joints,

the flanges being rectangular with

four bolts.

The junction boxes shown in

Fig. 144 are now of malleable FiS- 144 -

cast-iron, although steel castings were formerly used. They
are provided with inspection doors or hand-holes opposite

the front end of each tube
;

the joint being internal, the

door is held up by the pressure in the boiler, and tightness

with ordinary care is thus insured. The danger inherent

to the external doors, at one time permitted, now no longer

exists.

The tube ends are screwed externally, the present method

of attachment to the junction boxes being as follows : Short

pieces of tube or nipples are permanently screwed into the
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junction boxes, the ends of the tubes, properly so called, butt

against these, and are united to them by an external sleeve

or socket, screwed over both, and secured by a back nut,

red lead being applied before tightening up. The construc-

tion is, in fact, similar to that of an ordinary screwed socket

joint. The threads in the boxes and on the nipples are made

to a slightly different pitch so as to insure a tight joint.

These joints hold well, but unfortunately cannot be

undone after being some little time in service
;
the socket

can never be removed intact, and must be cut through with

a chisel. This is why it takes much longer to. replace a

tube than a complete element.

Further particulars relating to the construction and work-

ing of the modern Belleville boiler will be found in Mecanique
a I'Exposition de ipoo, by M. Ch. Bellens, and in the Revue

Technique de rExposition de ipoo, by M. Boutte. In this

latter book will be found in particular (Plate 29) the complete
results of trials made with economisers at St Denis.

110. General Features and Durability of Belleville Boiler.

Comparisons of the relative durability of various types of

boilers present exceptional difficulties because of the very
different treatment and care demanded by them. In contra-

distinction to the engines whose construction permits of no

great variation, any particular boiler requires a preliminary

training of the stokehold staff, and also a knowledge of certain

characteristics on the part of the commander. This fact

explains the diversity of opinions as regards the Belleville

boiler in France and in England.
In France the Belleville boiler was only placed in the

hands of a personnel familiar with its use, after the lapse of

some considerable time, sufficient even for the introduction

and development of rival types. It was never a question of

a monoply or the exclusive use of the Belleville boiler. The

reports of the engineers in charge only became uniformly
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favourable after other somewhat similar types had been tried

and used. This experience is somewhat similar to what has

occurred in this country. The tone of the last report of the

Boiler Commission is very different in regard to the

Belleville boiler from their first preliminary pronouncement.
In England after its sudden and almost universal adop-

tion, three or four years' experience brought to light all the

peculiarities and weaknesses observed in France from 1880

to 1900. Also in addition several unfortunate accidents

occurred hitherto unknown in France
;

it is not therefore

surprising that the exaggerated favour at first shown was

quickly followed by an equally disproportionate condemna-

tion. Thus it happens that by a curious coincidence the

Boiler Commission, appointed by the Admiralty, reported the

Belleville boiler as being deficient in durability and almost

dangerous in use, at the same time that the latest reports of

the French Navy described them as the most reliable and as

requiring the least attention.

Similar contradictions are to be found in the statements of

the Chief Engineer of the Messageries Maritimes and of those

English shipowners who for a time adopted the Belleville

boiler, such as Messrs Wilson of Hull, and Messrs Peterson

of Newcastle.

In fairness, the Belleville boiler should be judged in the

light of experience gained with boilers constructed at Messrs

Belleville's works, and placed in charge of properly trained

stokers. Under these conditions we find no such defects

as those observed on the Hyacinth during her comparative
trials with the Minerva, when the water lost by leakage at

the boiler joints amounted to 1.25 per cent, of the total feed.

It is also necessary to discriminate between those features

good and bad which are peculiar to the Belleville boiler,

and those which are now shared by other types. The liability

to pitting especially noticeable on the English Diadem and the

French Milan is to a certain extent common to all types of
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water-tube boilers, and has even given trouble with cylindrical

boilers since the abandonment of brass tubes. Ability to

withstand high pressures and light weight per unit of grate
area are, in the naval work, no longer the monopoly of the

Belleville boiler
;

in this latter respect comparisons with

later types will be found in Chapter XIV.
For service on land, where weight is of little consequence,

the principal advantage claimed for the Belleville boiler has

been that it is inexplosible. In this respect they are still

superior to other types, by reason of the small diameter of

their steam drums, the small volume of water, and especially

their great flexibility. The tubes are capable of resisting

pressures up to 850 Ibs. per square inch, and the separators

up to 285 Ibs. with stresses not exceeding 4 or 4^ tons per

square inch.

The effect of an explosion the first examples of which

occurred on the English ships Terrible and Mutine is

minimised by reason of the small volume of steam liberated
;

thus in the accident which occurred on the Terrible, the i3th

March 1889, although a tube opened out for a length of more

than 3 ft., only one stoker was killed and three injured ;
and

on the Mutine, the igth December 1900, a similar accident

resulted only in the death of one stoker and injury to another
;

on the 1 5th October 1898, during a shore trial of one of the

Argonaut's boilers, a joint, improperly bolted, gave way,

causing injuries to five men, but no fatalities. Finally, the

great freedom for expansion and deformation possessed by
the elements is such that the bending of the lower tubes,

which sometimes is very pronounced after prolonged service,

does not injuriously affect the joints ;
also it allows the fire

to be pushed from the moment of lighting up, steam to be

raised quickly, the rate of firing to be suddenly varied, and

the fires drawn without in any way humouring of the boiler.

On no account, however, should this security from

explosion lead to the neglect of ordinary precautions. Long
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before the accidents on the Terrible and the Mutine, due to

obstructions of saline deposits in the tubes, it was known

that the Belleville boiler could not be worked with sea-

water. The escape of steam where a tube has become simply

pitted through has more than once caused serious injury

to the stokers on opening the doors forming the front casing.

It may be said in a general way that the construc-

tion and working of Belleville boilers, while not exactly

requiring specialists, demand a preliminary practical train-

ing both on the part of the workshop and stokehold staffs.

This remark applies less to the boiler itself than to its

mechanical accessories the automatic feed-water regulators,

the steam reducing valves, and the air compressors

which are more indispensable to the Belleville than to

any other type of boiler, on account of the insufficient

volume of the combustion - chamber, the absence of a

clearly defined water-level, and the very small capacity

of the steam drum.

The Belleville is the only type of water-tube boiler

which has been in service afloat for a period exceeding
the usual life of a cylindrical boiler, and which therefore

can furnish data concerning the relative durability of the

new types. It should, however, be recognised that no

exact determination of its qualities in this respect is possible,

as the various parts wear very unequally. The replace-

ment of any damaged portion is so easy that the defects

are remedied as they occur and the boiler renewed piecemeal.

Thus the cruiser Voltigeur and the mail packet Ortegal

still carry their original boilers after more than twenty
and sixteen years' service respectively ;

and the same may
be said of the mail boat Australien, after 800,000 miles

steaming. An official enquiry made by the naval authorities

into this latter case disclosed the fact that at the overhaul

carried out after each voyage, a number of elements were

replaced amounting annually to 5 per cent, of the total
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in the ship. This credits the tubes with an average life

of about twenty years. The feed-collectors rarely require

replacing, but the conical nipples only last eight or ten

years, and the nickel rings eight months. The mud-boxes

last about as long as the feed-collectors, but often require

repairing. The ashpans require replacing after about six

or eight years, and repairing about every three years.

The above results agree fairly well with those observed

in the French Navy, thus the boilers of the Le"ger and the

Levrier have had 72 per cent, of their elements replaced

in nine years.

111. Weight and Space occupied. Previous to the adoption
of economisers, Belleville boilers, for large vessels, weighed

.536 tons per square foot of grate surface, including water

and accessories. Some of the earlier installations, such as

the Alger, weighed a little more, the more recent ones, as

the Pothuan, being a little lighter. In the latter case the

actual weight showed a saving of 35 tons or 1 1 per cent,

below the estimate.

The adoption of economisers has not altered the weight

per square foot of grate, which for the Saint Louis is .5 tons,

and for the Marseillaise .485 tons, but it has made an

appreciable reduction in the weight per horse-power, owing
to the increased power developed per unit of grate area.

The weight per I.H.P. is the factor which most concerns

the naval architect. The early types of Belleville boilers

without economisers, which always worked under natural

draught, could not develop more than n H.P. per square

foot of grate area, with engines as then constructed weighing

595 tons Per square foot of grate, representing 120 Ibs.

per I.H.P. Good cylindrical boilers, as fitted on board

the Sfax, could give with the same engines 18.3 I.H.P.

per square foot of grate under a moderate forced draught ;

their weight of .915 tons per square foot of grate being
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thus equivalent to 12.15 Ibs. only per I.H.P. Although
at the present time the use of heated air has provided

cylindrical boilers with a veritable economiser, yet at the

same time the adoption of forced draught has enabled the

weight per I.H.P. to be progressively reduced. Economisers

have therefore become more than ever necessary to Belleville

boilers if they are to succeed in competition with cylindrical

boilers on board passenger ships.

The classification which has been made when treating

of cylindrical boilers between those parts whose weight

depends on the pressure, those which depend on the rate

of combustion, and those whose weight depends solely

upon the size of the boiler as represented by the grate

area, is not exactly applicable to water-tube boilers.

The tubes, which largely compose the first portion,

would not need to be increased in weight to withstand

double or triple the pressure to which they are subjected.

This remark is peculiarly applicable to Belleville boilers

which contain only one vessel of any importance, and that

of but small size. However that may be, the same classifica-

tion has been observed in the tables of No. 173, wherein

are given the weights of the different parts of Belleville

boilers so as to have figures corresponding to those given

for cylindrical boilers.

112. Special Advantages of a Limited Circulation. Before

leaving the subject of boilers of limited circulation, it is

important to observe that in them the direction of the current

of water, as well as its intensity, can be regulated at will.

As a consequence it is possible to cause the water to travel in

a contrary direction to the flame, and thus to place the

coldest part of the boiler in contact with the cooler gases.

The hot gases can, therefore, be more completely deprived

of their heat than is the case in tubulous boilers of other

systems.
Y
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This important property seems to have been taken into

consideration at the outset by M. Belleville, and to have

inspired the arrangement of his first boiler, represented by

Fig. 134. Also the flow of water throughout every portion

of the boiler is, with limited circulation, positive, regular, and

uniform.

These advantages would be perfectly realised in a boiler

consisting of a single coil. Their great defect is due to the

small quantity of water in circulation. This water having

got rid of its air and part of its salts, serves to dilute

the feed-water and reduce its corrosive tendency.

It is imperative that only very pure water, should be

used. Boilers of this kind are necessarily simple in principle,

and the varieties proposed remain, up to the present, very

limited, only two being worthy of note
;
those consisting

of a single coil, generally of helical form, and those com-

prising a number of separate coils arranged side by side.

Boilers of the former type were constructed in France by
Isoard about 1849, by Loftus Perkins, and were for some

time (about 1878) adopted by Herreschoff, and by Thornycroft
in 1883; this type has now been abandoned.

There remains the multiple coil type, composed of straight

tubes connected end to end in the same plane, the first

example to appear being the Blakey boiler of 1774. To-day
the Belleville is the only representative of the type, at

east on board ship.

The petroleum-fired boiler, of Colonel Renard, has

also a limited circulation, and in it the gases of combustion

might theoretically be cooled down to the temperature of

the feed. This last boiler, of extraordinary lightness, is

intended for aerial navigation, and therefore does not

properly come within the scope of this treatise.



CHAPTER XII.

BOILERS WITH FREE CIRCULATION.

113. Early Types with Free Circulation. Principles Em-
bodied. M. JoesseFs Work. The difficulties experienced

in attempting to overcome the irregularity in the working
of the first Belleville boilers, led to the introduction of

various fittings with this object in view. The principal

defects of the Belleville boiler were the insufficiency of the

water circulation, which allowed steam to collect in the

lower rows of tubes, and the excessive priming, due in a

great measure to the absence of a steam-chamber, which

rendered the engine-speed extremely irregular.

The typical "free circulation" boiler may be described

as consisting of inclined generating tubes connecting two

flat vertical water-spaces, the whole having the appearance
of a Martin-Cochrane boiler reversed. The boiler is sur-

mounted by a steam-drum, in which is maintained the

working level of the water.

A boiler of this type was constructed at Indret, in 1869,

by M. Joessel, a well-known French engineer, who, in

1862, had commenced experiments on the effects of heat-

ing the feed-water and of superheating the steam. His

boiler of 1869 was of curious construction, the large upper
reservoir forming quite a boiler in itself, and the water-

tubes presented the peculiarity that they contained concentric

smoke-tubes which ran the entire length of the boiler, and

so offered a double heating surface. The furnace gases
339
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rising around the generating tubes passed through short

stay tubes in one of the flat water-spaces into a smoke-box

on the outside, from whence they returned by the smoke-

SHOP BOILER SIMILAR TO THAT OF TUG PISTON.

Fig. 145.

tubes to another smoke-box at the opposite end of the

boiler outside the second flat water-space, in a similar

manner to the gases in the boiler described in paragraph 132.

Thus, as often happens, the first boiler of the type was
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very complicated in design ; yet it worked for a long time

on a steam-launch between Indret and Nantes.

M. Joessel, continuing his experiments, soon simplified

the boiler by abandoning the internal smoke-tubes. A
boiler on this design was proposed in September 1871,

but rejected ;
another for the tug Piston was approved in

1874, and the following year this same type was adopted

for the despatch-boats Acttfa.n6. Argus. All these boilers

were in active service, and worked satisfactorily. Fig. 145

represents one of a battery of land-boilers constructed in

1875. One of them was repaired in 1888 and placed on

board a launch, and is probably still in service. The

flat plates of the water-spaces were strongly stayed together,

and hand-holes were provided opposite the ends of each

tube for the purpose of inserting and expanding the tubes,

and for cleaning and inspection.

The steam-chamber was of very large capacity, and had,

passing vertically through it, large tubes, by which the hot

gases rose to the chimney. The back water-space was con-

tinued forward underneath the fire-bars in a horizontal

direction, and formed the bottom of the ashpan, thus compli-

cating the construction without any corresponding increase in

efficiency.

As the practical difficulties of construction and manage-
ment appeared to have been overcome, it was decided to

ask the inventor for a design for the boilers of the Colbert,

then in course of construction, but he was of opinion that

his boiler was not yet sufficiently perfected, and therefore dis-

couraged this proposed important application. M. Joessel

was, in particular, dissatisfied with the premature cooling

of the flames which (as in the Belleville boilers) was due

to the insufficient height of the tubes above the grate.

He considered the provision of a combustion-chamber

between the grate and the tubes indispensable, but he

never succeeded in putting this idea into practice. His
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experience in the working of boilers led him to realise the

nature and importance of the difficulties to be overcome.

As M. Joessel never patented his inventions a great loss

to marine engineering it is rather difficult, after twenty

years, to ascertain the exact part he played in the invention

and development of tubulous boilers with flat water-spaces ;

it is, however, well known that he did play for several years
a most important part in the development of this type of

boiler.

114. Penelle Boiler. Cadiat Boiler. This boiler, intro-

duced in the steam pinnaces of the French Navy towards

1874, is a Joessel boiler in which the flat plates opposite

the tube-ends are replaced by others of spherical form. The

upper part of these dished plates forms the ends of the

steam-drum, the barrel of which is connected to the two

inside tube-plates.

The absence of man-holes for the replacing, cleaning,

and inspection of the tubes was a source of difficulty. The
Penelle boiler, after being in service for several years, has

been abandoned, but this type of boiler was revived by M.

Cadiat, with some improvements, in 1875, and has since

then been in service with good results at Toulon.

115. Oriolle Boiler. Amongst the various types of

different water-tube boilers now in service, the Oriolle

boiler most nearly approaches one of M. Joessel's early

designs, more especially intended for torpedo-boats. It

has been adopted with success on the steam-boats of the

Loire, where, to prevent smoke, coke is exclusively used

as fuel. The use of fuel giving a very short flame effec-

tively overcomes the difficulty caused by the insufficient

height of the combustion-chamber. The Oriolle boiler,

the application of which has been very limited, may well

be described before considering other types with free cir-
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culation, of which several were introduced contemporaneously
with those of Joessel in 18701872.

In the Oriolle boiler, the flame passes immediately in

among the lower tubes, which are 2 ft. 3! ins. above the

grate ;
two vertical rows of tubes are arranged at each

side so as to form the sides of the furnace.

Combustion, with a good air-pressure on board some

of the torpedo-boats, was sufficiently active to enable 61.4

Ibs. of coal to be burnt per square foot of grate, but, as

feared by M. Joessel, the production of smoke was then so

excessive as to betray the presence of the torpedo-boats from

afar. M. Oriolle has attempted, without success, to get

rid of the smoke by washing the gases in a kind of water-

injector placed in the base of the funnel.

The water-level is in the tubes
;
with a total of twenty

rows of tubes, the four or five upper ones are entirely full

of steam, and the three or four immediately below are, on

account of their inclination, partly filled with steam and

partly with water. The Oriolle boiler can therefore only be

said to have free circulation over a portion of its tubes. A
steam-drum is placed above the back water-space, some-

times parallel with the boiler front, and away from the hot

gases, as on the Lansquenet, and sometimes perpendicularly,

as on the torpedo-boats 75 to 81, 83 to 86, and 161 to 163

(Fig. 146), but always without communicating with the

front water-space.

On the Lansquenet the tubes are of small size 1.6 ins.

internal diameter and 0.08 in. thick
;
this rendered possible a

tube-surface thirty-nine times the grate area, and a total

heating surface about forty-three times that area.

The tubes were first simply expanded into the tube-

plates ;
but latterly the Caraman joint has been used

(paragraph 92, Fig. 102). There are no hand-holes opposite

the tubes, and therefore the replacing of a tube necessitates

the taking apart, or rather, the demolition of, the water-
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chambers. The flat plates of the water-space are stayed ;

some of the stays are formed of tubes, so as to allow of the

insertion of the steam-jets used for freeing the generating
tubes from soot. These tubular stays involve the omission

of about one tube in twelve.

The first Oriolle boilers were fitted, towards 1890, in the

ORIOLLE BOILER (TORPEDO-BOATS, 161 TO 163).

Half end elevation. Half transverse section. Longitudinal section.

I

Fig. 146. Fig 146A.

Tubes marked thus are suppressed to facilitate cleaning.

torpedo-boats 75, 80, 81, 83, 84, and completed three years'

service without requiring any repairs. In 1893, nearly the

whole of the steam-tubes required replacing, but the water-

tubes were still in good condition. The steam-tubes had to

be condemned on account of the pitting occurring beneath

a deposit resulting from the introduction of sea-water as

"make-up," which sometimes culminated in perforations,
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M. Haas took the opportunity thus presented of making the

investigations described in paragraph 82 on the formation of

hydrochloric acid. Oriolle boilers have been recently fitted

in the Zouave
',

the Turco, the Doudart-de-Lagrfo, and in the

torpedo-boats 161, 162, 163. The efficiency of the Oriolle

boiler was best shown during the speed-trials of these last

torpedo-boats. The boilers have 48.4 sq. ft. of grate area,

and the speed obtained slightly exceeded twenty-one knots,

while burning about 61.4 Ibs. of coal per square foot of

grate. The power developed was not ascertained, but it

can be deduced from the particulars known, supposing the

power proportional to the cube of the speed. The following

table is thus obtained :

Number of Torpedo-boat
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space into the top drum, and the return of the water into

the back water-space by large tubes, analogous to the

down-takes of the Du Temple type of boiler.

116. D'Allest Boiler. Successive Types. Tubulous boilers,

with flat water-spaces, are, at present, principally represented

in the French Navy by the D'Allest boiler. This boiler

was introduced about the same time as that of M. Joessel,

BARRET-LAGRAFEL BOILER (1870).

Fig. 147.

and, as now made, embodies the improvements patented in

France by MM. Barret and Lagrafel in 1870-71, and Lagrafel

and D'Allest in 1888. From the first these boilers were of

similar construction to the present D'Allest boiler, except as

affecting the direction of the hot gases. In the first model,

the gases passed once backwards and forwards amongst the

tubes, a brick baffle being arranged for this purpose at about

one-third the height of the nest of tubes (Fig. 147).

In 1871 the horizontal baffle was replaced by a vertical one
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BARRET-LAGRAFEL BOILER (1871).

Fig. 148.

BARRET-LAGRAFEL BOILER (1872).

Fig. 149.



348 MARINE BOILERS [CHAP.

of bricks, extending above the fire-bridge, which caused the

gases to take an up-and-down direction (Fig. 148).

Subsequently, in 1872, the horizontal baffles were again

adopted, two, however, being used one immediately above

the fire, the other arranged about two-thirds up the tube-

plate, as shown in Fig. 149.

This latter arrangement secured a better combustion of

the coal at the back of the grates.

In all these arrangements of baffles, the utilisation of

the heat had in general received much more attention than

the question of securing a perfect combustion. The boiler

patented in 1888, and which we have principally to consider,

is, on the contrary, so arranged as to secure a good com-

bustion. This is obtained by the use of a large combustion-

chamber, where the flames are thoroughly mixed prior to

their entering in amongst the tubes. Barret and Lagrafel

boilers were fitted in 1871 on the here, in 1873 on the Blidah

and the Medeah, and later on the Paoli, the Spahi, the Colon,

the Kabyle, and other steamers of the Compagnie Fraissinet.

The D'Allest model of 1888 made its appearance in 1891 on

the Liban and the Don-Pedro. As a result of the trials of

these steamers it has been largely adopted in the French

Navy. It is the only model which we shall consider at

length, and is met with on the Bombe, the d'Iberville, the

Bouvines, the Jemmapes, the Jaureguiberry, the Carnot, the

Charles-Martel, the Massena, the Foudre, the Chasseloup-

Laubat, the d'Assas, the Cassini, the Casabianca, and the

Guichen.

117. General Arrangement. Space Occupied. The flat

water-spaces and the generating tubes which unite them are

slightly inclined backwards so as to cause the steam to be

directed towards the front. The patent anticipates the use

of curved tubes, with the ends normal to the vertical tube-

plates ;
but this construction, designed to permit the free
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expansion of the tubes, has not been applied in practice.

Above the generating tubes is a large cylindrical reservoir

connecting the two flat water-spaces. The working level is

in this reservoir, which serves principally as a steam-chamber

and separator.

The fire-box or combustion-chamber which constitutes

the characteristic feature of the D'Allest model of 1888, is

situated at the side of the grate. A baffle of bricks resting

on the bottom row of tubes directs the flame into the combus-

tion-chamber, from whence it returns across the generating

tubes, taking about the same direction as in a cylindrical

return-tube boiler. The opening for the escape of the hot

gases is placed among the lower rows of tubes, and leads

into a smoke-box at the side of the boiler opposite to the

combustion-chamber. The space occupied by the tubes

and the combustion-chamber is closed at the top by a second

baffle resting on the highest row of tubes. Below this upper
baffle there are a few rows of tubes in the combustion-chamber

so as to prevent it extending upwards to the top of the nest

of tubes.

The direction given to the hot gases, although conducive

to high efficiency, introduces a conspicuous element of danger,

the gravity of which has been proved by the series of accidents

that have occurred on the Liban in 1890, on the Don-Pedro,

and finally, on the Jaureguiberry in 1896. The hottest portion

of the furnace gases comes directly into contact with the

upper tubes, which are never so effectively cooled by the

circulation as the lower ones, and are liable to be filled with

accumulations of steam, or even to run short of water, as a

result of an accidental lowering of the water-level. Since the

accident on the Liban, the necessity of reducing the height

of the combustion-chamber has been recognised, and the four

upper rows of tubes are now carried across it instead of two

rows as previously (Figs. 151 and 152).

Each boiler is double, having two furnaces, two sets of
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tubes, two steam-drums, and one combustion-chamber, in

the centre, common to both furnaces.

Owing to the great length of this combustion-chamber,

equal to the length of the grates, its transverse width may
be small and directly proportional to the width of the grate.

The arrangement of the furnace and combustion-chamber

has of late been somewhat varied, as shown by the two

BOMBE. D'IBERVILLE.
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Fig. 151. Fig. 152.

figures 151 and 152, the first representing the boilers of the

Bombe^ the second those of the cTIberville. At first greater

attention was given to directing and mixing the current of

hot gases ;
but subsequent efforts have been principally

directed to a reduction in the floor space occupied. On the

Bombe the space occupied is 2.06 times the grate area, and

on the d'lberville it is 1.48 times, this latter figure being even

lower than for the Belleville boiler. The height for the
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D'Allest boilers is about 12 ft. g\ ins. for those having
thirteen horizontal rows of tubes, and about 12 ft. 5^ ins.

for those having twelve rows
;

these are the ordinary

dimensions, and are rarely exceeded.

Taking the Jemmapes as an example, the tube surface is

31.5 times, and the total heating surface 33.5 times, the grate
surface.

118. Constructive Details of the D'Allest Boiler. This

boiler, simple in character, has only undergone slight varia-

tions in construction, and no fittings of a special character

are used. Since the first trials of the Bombe, in order to

prevent the hogging of the tubes which then took place,

Serve tubes have been adopted for the bottom horizontal

row and for the vertical row at the side of the combustion-

chamber. After the first few runs the bottom tubes of the

Bombe took a permanent curvature, the rise at the centre

reaching 0.39 in. (For an explanation, see paragraph 98,

Fig. 128.) This sign of fatigue taking place at the outset

raised suspicions as to the durability of the boiler. The tubes

Fig. 153. Fig. 153A.

are of steel, 3.15 ins. outside diameter and 0.12 ins. thick,

and are simply expanded into the tube plates. Weldless

tubes have been exclusively adopted since the opening of a

badly welded tube on the Jaure'guiberry.

The flat plates of the water-spaces are strongly stayed

together, and the outside ones are provided with hand-holes

opposite each tube.

After various trials two kinds of jointing were adopted

at Indret for the hand-holes, one of asbestos, with a thin

metal covering (Fig. 153), and the other entirely of metal

(Fig. I53A).
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The first-mentioned joint is composed of asbestos, tightly

enclosed between two sheets of lead, with an edging of thin

copper ;
the second is formed of a copper ring or washer

between two lead ones, the three rings forming one complete

washer.

The top drum is much weakened where the lower half

of its circumference is cut away to form connection with the

flat water-spaces, and therefore the two ends are stayed

together by longitudinal stays arranged in a circle around

the inside of the barrel. A curved bafHe is fixed inside

the drum, between the internal steam-pipe and water-level
;

it acts as a steam separator, in much the same way as those

in the Belleville boiler, but is much simpler in form. This

arrangement was adopted after the trials of the Bombe, whose

boiler gave very wet steam.

The feed is introduced into the back water-space, as may
be seen on reference to Fig. ISOA, which shows the boiler

of the Guichen. The gauge column is placed on the front

water-space.

As the water-level is more stable in a gauge-glass, when
the bottom tube is connected with the back-water space, since

the accident on the Liban in 1890, the bottom tube of the

gauge-glass has been carried to the lower part of this space.

It has also been decided since this accident to fix a

fusible plug to the upper row of tubes, but a more accurate

knowledge of the variations occurring in the water line,

together with the amended bottom connection of the gauge-

glass, and other improvements have diminished the import-
ance at first attached to this supplementary precaution. The
boilers of the Jaureguiberry do not appear to have been fitted

with fusible plugs.

The steam on its way from the boilers to the engines

passes through a reducing valve.

1 19. Distortion ofthe Water-Level in the Boiler. Circulation in

Z
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the Tubes. The rush of all the steam from the generating tubes

into the front water-space produces a tumultuous movement
of the water in this space and a big wave or surging in the

top drum, whilst the water in the back space remains tranquil.
This gives rise to a distortion of the water-line, which varies

with the rate of working, and is of great importance. Fig.

154 shows this distortion

observed from an experi-

mental D'Allest boiler

provided with windows.

Gauge-glasses fitted to

the front and back water-

spaces of this boiler

showed the difference in

pressure existing in the

bottom of these water-spaces. This difference, though much
less than that corresponding to the highest and lowest

points of the water surface, was, however, very appreciable

amounting to from 2 to 2f ins., the highest point being
at the front, as shown in Fig. 154. From these trials some

interesting conclusions may be drawn, which in part are

applicable to all types of boilers with free circulation.

At the outset it should be noted that the water-levels

observed during the above-mentioned trials were taken

at the outside plates of the water-spaces, and not at the tube-

plates, where they may have been slightly different. With

this reserve, it is, nevertheless, demonstrated that this

disturbance of the level causes an increase of pressure in

the front water-space, which tends to retard the circulation.

The movement of the water and steam contained in

the tubes is due to the reduction in the specific gravity

of the liquid in the tube, and to the difference in height

of the two ends of the tubes.

It may thus occur that in some of the rows of tubes

there is practically no circulation at all, and in this
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condition of stagnation
"
pockets" of steam may be formed.

Hence it is by no means impossible that certain tubes

should be exposed to the risk of burning, although there may
have been no shortness of water. The additional pressure

in the front water-space could be avoided by preventing

the distortion of the water-level, which could be effected

by fitting in the steam-drum either a horizontal baffle, or

a sieve of the Buettner type, as on the Bietrix-Leflaive boiler.

But by obstructing the upward current in the front water-

space there would be the risk of increasing rather than

reducing the pressure. In fact, the problem of regulating

the direction and velocity of the circulation in the lower,

middle, and upper rows of tubes of a boiler with free

circulation is a very difficult one, owing to the small

hydrostatic head available.

120. Results Obtained. Accident on the Jaureguiberry.

Experiments made with a trial boiler at Marseilles gave the

following results :

Coal Burnt per Square Foot of

Grate per hour.

Ibs.
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with the Orsat apparatus, accounted for the increased

efficiency. With the old type, carbon-monoxide was given
off in such abundance that M. D'Allest thought the carbonic

acid was decomposed by contact with the cold tubes, accord-

ing to the simple but hardly probable reaction,

With the new type, carbon-monoxide was traceable in small

quantities above the bridge, but to a quite inappreciable
extent in the smoke-box.

The substitution of D'Allest for locomotive boilers on the

Bombe has given satisfactory results. The two sets were of

the same total weight, with a notable difference in the grate

areas: 77.5 sq. ft. for the original locomotive boilers,

and 101 sq. ft. for the D'Allest boilers. At the most,

1,306 horse-power could be got out of the original boilers,

burning 2.87 Ibs. of coal per horse-power; whereas the new

boilers were much more economical, although supplying
steam for 1,959 horse-power.



xii.] ACCIDENT TO THE JA UREGUIBERRY 357

Several ships fitted with D'Allest boilers have already

made their trials : the Bombe with compound engines,

the Jemmapes, CJiasseloup-Laubat, Bouvines, cTlberville, Cassini,

Casablanca, Janreguiberry, Carnot, and Charles-Martel, all

with triple-expansion engines.

Practical experience with these boilers, under ordinary

working conditions, has been obtained on the passenger

vessels of the Compagnie Fraissinet at moderate and regular

rates of working, but the boilers fitted to ships of war have

not yet seen much service. The boilers of the Bombe alone

have been at work for some few years. When inspected in

1894, the lower tubes were found to be curved in the same

way as those of the boiler tried on land in 1891, without,

however, causing any accident. All the tubes were bent

away from the flames, following the principle illustrated by

Fig. 128. The tubes also showed a tendency to wear away
on the insides near the ends, as shown by Fig. 155 ;

from

this cause over seventy tubes on the Bombe had to be replaced

during a period of two years.

The serious accident which occurred at the official trials

of the Jaureguiberry has emphasised in an unpleasant manner

the close and constant attention to the water-level, which, on

the D'Allest boiler, is necessary, owing to the

form of the combustion-chamber. An iron

tube badly welded, or perhaps not welded at

all, which had, nevertheless, been subjected to

severe tests, opened out
;

it was the tenth tube,

counting from the top, in the vertical row at

the side of the combustion-chamber. As at

this moment there was neither a very active
p-ig- 155>

fire nor a high pressure of steam, the over-

heating which led to the accident was evidently due to

shortness of water. Probably the level had not fallen

so low as the tenth row of tubes, but it was sufficiently

low to stop the circulation through the top drum, and as the
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only return for the water to the back water-space was by way
of the upper tubes, the result was comparative stagnation,

permitting the formation of steam-chambers and the over-

heating of some of the rows of tubes, amongst which was the

one containing the defective tube.

Since this accident no new warships have been fitted

with D'Allest boilers, but the existing installations have

remained at work without serious accidents. The boilers of

the Jaureguiberry worked satisfactorily for five years. The
Guichen has just finished a very arduous commission on

the China station, without reporting any mishap to the

boilers, excepting a few small blow-holes in the tubes of

the lower row.

On the two mail packets Nord and Pas -de- Calais the

D'Allest boilers have been for several years in very active

work.

Other types of boilers embodying the same general

features, such as the Babcock & Wilcox boiler, are

coming more and more into use, proving that the system
of free circulation in its most simple form with two water-

spaces united by slightly inclined generating tubes, is still

in use afloat. On land numerous types on this system are

to be found
;

at the Exhibition of 1900 were to be seen

Bietrix -
Leflaive, Mathot, Roser, Steinmuller, Fitzner-

Gamper, and Simonis-Lauz boilers, which differed only in

details from the Babcock & Wilcox, and which are

described in the article by M. Boutte on steam boilers in

the Revue Technique de fExposition.

121. Babcock & Wilcox Boiler. The Babcock & Wilcox

boiler is one of the earliest water-tube boilers, as it dates

back to the year 1868. It was almost entirely used for land

purposes until the year 1889, and during this period many
modifications in the design were carried out, but with these
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we are not concerned in this volume, which deals with

marine boilers.

In 1889 the first marine boiler was constructed for a

small vessel, and the development since then, for marine

purposes, has been very rapid, as evidenced by the fact that

BABCOCK cS: WILCOX BOILER.
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Fig. 156. Fig. 156A.

at the present time there are over two hundred vessels

belonging to all branches of the Navy and Mercantile

Marine fitted with this class of boiler, amounting in the

aggregate to about 1,000,000 H.P.

Messrs Thomas Wilson, Sons & Co., of Hull, fitted a



360 MARINE BOILERS [CHAP:

Babcock & Wilcox boiler on their small steamer Nero of

500 H.P. in 1895, and since then eight other vessels

belonging to this firm have been fitted with these boilers,

including the Hero, shown in Figs. 156 and I56A. One
of the most important installations was on board the ss.

Martello, which is fitted with four Babcock & Wilcox boilers,

having a total heating surface of 10,740 sq. ft., a total grate
surface of 200 sq. ft., and a working pressure of 220 Ibs.

per sq. in. The boilers were installed in place of four

cylindrical boilers, and resulted in a saving of weight, by
the adoption of water-tube boilers, of about 100 tons. The
vessel was tried in August 1900, and since then has been

regularly employed in Transatlantic service.

The Admiralty Committee on naval boilers had the

Martello under their inspection for a period of fourteen

months, and found that the boilers had stood the test of usage
in the mercantile marine well. At the time the Committee

inspected the Martello, she had run about 91,000 miles since

the water-tube boilers had been put in, and the only repairs

required had been those of ordinary upkeep of any boiler,

such as fire-bars, brick-work, etc. The Committee also

inspected the Babcock & Wilcox boilers fitted in the

Numidian, Buenos Ayrean, and Turret Cape, and remarked

that though, in the case of the last-named vessel, the

boilers had been in use seven years, and had not been as

well looked after as they would have been in the navy, yet

their condition when examined was satisfactory.

Boilers of the marine type are usually fitted with tubes

3^ ins. in diameter, but in many cases where the weight
has to be reduced below the limit of the above type, an

alternative type of boiler is used, with 4-in. tubes in the

two bottom rows, and if-in. tubes in 'the rows above (see

Fig. 157). This type of boiler is the one most favoured

for naval purposes.

For mercantile purposes this boiler has up to the present
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been mainly used in vessels of moderate power, running

up to 5,600 I.H.P., but very large installations have been

provided in vessels for naval purposes, up to 27,000 to

30,000 I.H.P.

BOILER OF U.S. CRUISER ALERT.

Fig. 157.

In the English Navy the first installation fitted was

on the torpedo gunboat Sheldrake
',

where the contractors

undertook to supply a boiler which would burn coal at

the rate of 40 Ibs. per sq. ft. of grate per hour, and

evaporate 9 Ibs. of water per sq. ft. of heating surface

per hour.
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Evaporative tests on shore of one of the Sheldrake's

boilers gave the following results :

Number of boilers in use ...... 1

Duration of trial ........ 3 hours
Coal consumed per sq. ft. of grate per hour . . . 407 Ibs.

Water evaporated per Ib. of coal from and at 212 . 9'16 ,,

Water evaporated per sq. ft. of heating surface from and
at 212 . . . . . . . . . . 9'5

The installation consisted of four boilers. After the

boilers were placed on board ship, a series of trials was

carried out by the Admiralty, with the vessel alongside the

quay, with the following results :

Number of boilers in use ....
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The results of these trials are given in table attached :
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The next two vessels were the Espie"gle and the Challenger,

which were shortly afterwards followed by the Hermes,

from which ship the Belleville boilers had been removed,

and Babcock boilers of the same power and the same weight,

substituted.

The Hermes was subsequently subjected to a severe

series of tests by the Boiler Committee, when an efficiency

of 8 1 per cent, was obtained, and the Babcock & Wilcox

boiler was reported as suitable for naval purposes.

Since then a large number of H.M.- ships have been fitted

with this type of boiler, either alone or in conjunction with

cylindrical boilers, among others the following : Sheldrake

(4,000 I. H. P.), Espiegle (1,400 I. H. P.), Odin (1,400 I.H.P.),

Challenger (12,500 I.H.P), Hermes (10,000 I.H.P.), Queen

(15,000 I.H.P.), Cornwall (22,000 I.H.P.), Dominion (18,000

I.H.P.), King Edward VII. (18,000 I.H.P.), Commonwealth

(18,000 I.H.P.), Argyll (21,000 I.H.P.), Hindustan (18,000

I.H.P.), Black Prince (23,500 I.H.P.), Duke of Edinburgh

(23,500 I.H.P.), Britannia (18,000 I.H.P.), Hibernia (18,000

I.H.P.), Africa (18,000 I.H.P.), Lord Nelson (16,750 I.H.P.),

Minotaur (27,000 I.H.P.), Dreadnought (23,000 I.H.P.).

The type of boiler now mostly used for naval purposes is

indicated in Fig. 157, which shows the boiler of the U.S.

cruiser Alert. It will be seen that it is provided with two

rows of 4-in. tubes at the bottom, the upper rows being i| ins.

diameter, and the gas baffling is on the vertical system.

PARTICULARS OF BOILERS OF U.S. CRUISER ALERT.

Grate surface (G) 47 '90 sq. ft.

Heating surface (S) 2,125 .,

S
Ratio r< 44

Weight of boiler complete and dry ... 46,416 Ibs.

,, ,, with water . . . 54,566 Ibs.

Boiler pressure 218 Ibs. per sq. in.

Maximum consumption per sq. ft. of grate surface

on trial 41 '8 Ibs.

Water evaporated from and at 212 Fahr. per Ib.

of coal . 9 '48





[PLATE I.

BABCOCK & WILCOX BOILER-MARINE TYPE.

(WITH CASING COMPLETE).

Fig. 157A.

[ To face p. 365.





[PLATE II.

BABCOCK & WILCOX BOILER-MARINE TYPE.

(WITH CASING^ REMOVED).

Fig. 157i3.

[To face p. 365.



XII.] BABCOCK & WILCOX BOILER 365

Figs. I57A and 1578 illustrate the naval type of boiler

with and without the casing.

The following table gives the particulars of the trials

and the recorded coal consumption of some of the principal

vessels. In examining these results it must be borne in

mind that the machinery averages a water consumption of

1 8 Ibs. of water per I.H.P., and therefore that the boiler

efficiencies obtained are high.
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at the end of a I3,ooo-mile run was a few fire-bricks, the

boilers being otherwise in excellent condition and ready
for further service.

The next vessel in the American Navy was the protected

cruiser Chicago. She was refitted in 1897 with six Babcock

and Wilcox boilers and four cylindrical boilers. Following
on this the protected cruiser Atlanta of 3,000 H.P. was

fitted with four water-tube and two cylindrical boilers.

These are the only two vessels in which a combination

with cylindrical boilers has been fitted in the American

Navy ;
in most of the later ships this type of boiler alone

has been fitted, amounting in all to over forty different

vessels, but too numerous to cite in detail here.

In the case of the Cincinnati a careful series of tests was

made on one of the eight boilers, the main particulars of

which are given on table attached :

TESTS OF BOILER FOR CRUISER CINCINNATI.

Steam pressure by gauge . . Ibs.
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the steam drum through the sinuous headers at the front

of the boiler, then up through tubes which are inclined at

an angle of 15 to the horizontal, and so through the back

headers to the steam drum again.

The type of header used in the navy is square in

section and sinuous in form, and is so arranged that each

group of four tubes is accessible from a single door. In

the mercantile type of boiler, now frequently used for land

work, the tubes are 3^ ins. diameter, with oval hand-hole

fittings opposite each tube, although in many cases the

naval type is preferred even for land work.

The boiler is constructed throughout of forged steel,

and there is an entire absence of stays. The design is

so arranged that the tubes in the side headers protect the

casings, thereby adding considerably to their durability.

The products of combustion pass amongst the tubes

and are distributed by baffling, which is usually of the

type shown in Fig. 157, though modifications are some-

times used.

A few of the main features of this type of boiler may
be briefly summed up as follows :

The construction throughout is simple in character.

The tubes are straight, and the joints are made by merely

expanding and not by screwing thus facilitating replace-

ment, inspection, and repairs. The circulation is simple.

The grate area bears a large proportion to the floor

space occupied.

122. Seaton Boiler (First type). The early type of the

Seaton boiler (Fig. 158) is in many respects very similar

to the D'Allest, the principal differences being the

following.

The tubes are divided into large elements, each contain-

ing four or five vertical rows of slightly inclined tubes,

connecting two flat water -spaces, and surmounted by a
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cylindrical drum, thus forming a sort of narrow D'Allest

boiler. Surmounting the whole is a transverse cylindrical

otoooco ooooooooooco

ooooooooooooooo
' n fi

collector connecting the different drums and serving as a

common steam-chamber.

The narrowness of the water-spaces obviated the use of
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the stays. The outside plates are stiffened by corrugations
and are removable, thus dispensing with hand-holes opposite
each tube.

The common steam -chamber has the disadvantage of

materially increasing the height of the boiler.

123. Anderson and Lyall Boiler. -- The Anderson and

Lyall boiler (Fig. 159) is partly tubulous and partly

Fig. 159.

tubular. It is, in fact, composed of two distinct

portions.

The lower portion is a kind of Joessel boiler with tubes

set very wide apart, so that the flames pass over them
without being unduly cooled, and their combustion is,

therefore, not impeded. The upper portion is a complete

cylindrical tubular boiler of a type long used on French

pinnaces under the name of the "Bigot" boiler; in this

portion the hot gases are further deprived of their heat.

2 A
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Flat vertical water-spaces connect the two portions. Fig.

159 represents a double-ended boiler of this type.

Mr Stromeyer made some trials of this boiler, and

believed its thermal efficiency to be higher than that of any
other type of tubulous boiler. He calculated that 13,810

B.T.U. are utilised per pound of coal, having a calorific value

of 17,170 B.T.U., which corresponds to an efficiency of 80.5

per cent. The weight of the Anderson and Lyall boiler is

its greatest disadvantage ;
it amounts to 0.58 ton, water

included, per square foot of grate area, and is about the

same as that of locomotive type boilers.

The height of the boiler is also very great, even exceed-

ing that of the Seaton boiler.

Attempts have been made by others to construct a

combined water-tube and fire-tube boiler mainly with a view

to its advantages for large units.

Mention may be made of the boiler designed at Creuzot

in 1896, which possessed many promising features. The
furnace was contained in a kind of Normand boiler having
accelerated circulation

;
on leaving the furnace the gases

traverse the tubes of a cylindrical boiler. Each of the two

parts has its own distinct steam-chamber so as to facilitate

the disengagement of the steam. This construction is

adapted to withstand the highest rates of combustion.

Trials were made burning from 20 to 62 Ibs. of coal per

square foot of grate surface per hour, the best results being
obtained when consuming from 30 to 40 Ibs.

The weight of the Creuzot boiler amounted to 0.732 tons

per square foot of grate surface. A large floor space is

occupied, the two parts of the boiler adjoining one another

in a horizontal plane, instead of being vertically one over

the other, as in the Anderson and Lyall boiler.

124. De Dion-Bouton-Trepardoux, Ward, and Climax

Boilers. As the water-spaces or headers have to support the
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full boiler pressure, it would obviously be better to give
them a cylindrical form. This has been done in the De

Dion-Bouton-Trepardoux boiler, which has been fitted in

several torpedo-boats of

the French Navy.
It is of a vertical

cylindrical form, and

consists of a centra-

cylindrical reservoir con-

nected by radiating tubes _
to an outer annular water-

space (Fig. 160).

The direction of cir-

culation through the tubes

is from the outside water-

space to the central reser-

voir
;

the upper tubes

contain only steam.

From the outset the

De Dion boiler has given

economical results, but

there are now no exam-

pies in the French Navy, as it proved unequal to the forcing

necessary on torpedo craft. It is, however, largely used for

motor-cars, for which service it was, in fact, specially

designed.

The Ward boiler (Fig. 161), the first of the water-tube

type to be introduced into the United States Navy by the late

Admiral Melville, late Engineer-in-Chief, is similar in some

respects to the De Dion boiler, although more complicated.

The Ward boiler, as fitted on the U.S. coast defence vessel

Monterey (in conjunction with cylindrical boilers) is a coil

boiler, and consists of a central vertical drum surrounded by
concentric coils or sections, A. Each section has a number

of complete half circles of tubes placed one above the other.

160 '
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The tubes of each section are connected in half circles by
screwed joints to two vertical headers, BB, diametrically

opposite to each other. The tubes, A, are about 2 ins. in

diameter, and are set at an angle of about 10 with the

horizontal to give direction to the current of circulation in

them.

The central vertical drum receives the feed-water from an

internal pipe that passes through its lower portion and

extends to near the water-line. The space above the water-

line in the central drum forms practically all the steam-space.

The headers, B, carrying the lower ends of the tubes, A,
have a common connection at their bottom ends through

pipes, B, with a water collector, C. This collector com-

municates with the central drum, and supplies the headers,

B, with water. The upper ends of the headers are closed.

The headers carrying the highest ends of the half circles

connect with a horizontal receiver, D, at their upper ends,

through which all steam generated passes into the top

portion of the central drum. At their lower ends they

connect with a bottom collector, G, which serves as a mud-

drum. The headers proper do not extend below the level

of the generating tubes, the connections with the lower water

collectors, G and C, being made through iron pipes, B, of

about 3! ins. diameter, screwed into the bottom ends of the

headers, and joined to the water collectors by shallow

stuffing-boxes. The bottom collectors are below the grate,

and they and the headers are of cast steel. The grate is

circular, and composed of segments placed around the

central vertical reservoir. The central reservoir is divided

into two parts by a horizontal partition ; the feed-water finds

its way down to the horizontal collector, C, and the steam

issuing from the generating tubes is received at the upper

end of the central reservoir.

All the joints are very simple, and the entire boiler should

have great elasticity, owing to the curvature of the generating



Fig. 161. WARD BOILER.

NOT The boilers of the Monterey are of this type, but larger, having 18 concentric rows of

tubes instead of 12.

A A. Coils of tubes connected to the vertical headers BB, by screwed ferrules aa.

BB. Vertical headers connected at their lower ends to tubes of smaller area B'B', among which
the gases circulate.

aa. (Fig. 161 A). Ferrules forming the connection between the tubes A and the headers B.

CC. Bottom horizontal collectors, to which the tubes B'B' are connected by fixed joints.
DD. Upper horizontal collector, to which the vertical headers BB are connected by expansion

joints.
dd. (Fig. 161 B). Expansion joints ; stuffing-boxes paeked with asbestos connecting the collector

D with the headers BB. The gland bolts have flat T-heads lodged in the thickness of the

lugs formed on the box.

BE. Casing of plate, O'l in. thick, lined with hollow bricks 1} ins. thick.

FF. Casing of plate, 0*118 in. thick, lined with hollow bricks 4} ins. thick.

QG. Settling drum.
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tubes. Its principal disadvantage is the circular form of the

grate, which renders the stoking difficult, especially at the

sides, and necessitates clear room for stoking all round the

boiler.

The Ward boiler is one of the lightest in existence
;
the

two boilers of the Monterey, with a total of 73.74 sq. ft. of

grate surface, weigh 15.08 tons without water and 17.5 tons

with water, which makes only 532 Ibs. or 0.230 tons per square
foot of grate. This type of boiler has been fitted on four of

the U.S. revenue cutters.

The following are some particulars of a Ward coil boiler

(other than the Monterey] tested under forced draught :
*

Heating Surface . . . . . . . sq. ft.

Grate Surface .

Ratio
H. S.

G. S.

Weight of boiler, empty .

,, ,, water .

, , , ,
boiler and water

,, ,, ,, per sq. ft. of grate .

TT Q
) ) )> rL ' P" '

Evaporation from and at 212 Falir.

Coal per square foot of grate

2,473-5
53

46-67

11-84

2-01

13-85

585-3
12-5

7-31

55-05

In the trials of the Monterey the Ward boilers under

the same conditions of draught as the return-tube cylindrical

boilers worked most satisfactorily. When forcing the boilers

the rate of combustion was limited, not as in cylindrical

boilers by the liability of starting the tube joints, but

simply by the fear of melting the grate which was of

cast iron.

As the result of experience gained with the Monterey,

Admiral Melville reported in favour of water-tube boilers,

which were at first partially adopted and afterwards generally

fitted into the ships of the United State's Navy. However,
in place of the Ward boiler, types better suited to naval

requirements, principally the Babcock & Wilcox and the

*
Journal of the American Society ofNaval Engineers, vol. ii., No. 4,
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CLIMAX BOILER.

t

Niclausse, have been adopted. Mr Ward has recently

constructed boilers of a more simple form, cylindrical or

rectangular in shape, and these

have been largely used on

launches, etc., but fall under

the heading of boilers with

accelerated circulation.

The external cylindrical

form is as well adapted to

the single water-space system
as the rectangular form.

Although this system is dealt

with in paragraph 126, Mr
Morin's Climax boiler may
here be mentioned as an

instance of the cylindrical

single water -space construc-

tion.

The Climax boiler repre-

sented by Figs. 162 and i62A

consists of a central vertical

cylindrical reservoir, around

which the fire-grate is arranged
as in the Ward boiler. The

generating tubes are all bent

to exactly the same shape,

the two ends being expanded
into the reservoir at different

levels, the water entering at

the lower and the steam escap-

ing by the upper end.

The Climax boiler does not

appear to have ever been

Fig. 162.

Fig 162A.

employed on board ship, but numerous land installations

exist. It was shown at the Paris Exhibition of 1900 and
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described by M. Bellens and M. Boutte in La Mechanique d

I*Exposition and in the Revue Technique de rExposition.

125. Towne Boiler. The Towne boiler, which has been

fitted to launches and gun-boats in America, has narrow

water-spaces at each side with a bend at the centre of their

height. The tubes connect the lower portion of one water-

Fig. 163.

space to the upper portion of the other, the two sets of

tubes crossing one another at the centre (Fig. 163).

This novel arrangement permits an inclination to be

given to the tubes favourable to a rapid circulation, and by

increasing the height of the furnace, is conducive to goo<4

combustion.
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The Towne boiler is provided with downtakes for the

return of the water, and therefore possesses some of the

advantages of boilers with accelerated circulation, although

its general construction more nearly resembles that of

boilers with free circulation.

As regards circulation the Towne boiler may be classed

with those described in the following paragraph, on account

of the symmetry of the two water-spaces, each one of

which serves the double purpose of supplying the tubes

with water and receiving the steam generated in them
;

its

circulation, however, more closely resembles that in boilers

with two water-spaces.

1 26. Water-tube Boilers with a Single Flat Water-space. The

Lencauchez Boiler. Marshall- Thornycroft and Petit- Godard

Boilers. Instead of allowing the circulation to depend on

uncertain and variable differences of pressure between two

water-spaces, or headers, it may be produced simply by the

disturbing forces in the tubes themselves due to the genera-

tion of steam. A boiler constructed on this principle would

have only one vertical water-space, or row of headers, to

which both ends of the generating tubes are connected at

different levels. The water enters at the lower, and the

mixture of steam and water is discharged from the upper end.

This system was contemplated a long time ago by a

well-known engineer, M. Lencauchez, who submitted very

complete designs to the French naval authorities in which,

by the way, were incorporated a very interesting arrange-
ment of jets over the furnace. We will do no more than

mention the Lencauchez boiler, as it has not yet been tried

at sea, at least in ships of war
;
in principle it is exactly

similar to the one we are about to describe.

The boiler represented by Fig. 164 is due to the joint

efforts of Mr Marshall of Newcastle and Sir John I.

Thornycroft ;
in its construction the simplicity of a free
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circulation from one level to another in a single water-space
is realised.

The Marshal 1 - Thornycroft boiler is only intended for

moderate rates of firing with natural draught, or for very

MARSHALL-THORNYCROFT BOILER.

Fig. 164.

slight forcing. Results of tests afloat are not yet available.

M. Lencauchez anticipated an evaporation of 8 Ibs. of water

per pound of coal with good natural draught on his boiler.

In the Petit-Godard boiler (Fig. 165) the circulation is
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more rapid than in those previously described, on account

of the great difference in level of the two ends of the

generating tubes
;

it was designed to withstand high rates

of forcing. The furnace, lined with fire-brick, is in front

PETIT-GODARD BOILER.
Rack tubes. Front tubes.

I

Fig. 165.

of the boiler proper ; when under forced draught the furnace

casing becomes so hot that the work of stoking is rendered

extremely arduous.

As the result of somewhat inconclusive trials with the Petit-

Godard boilers fitted on board torpedo-boat No. 73 and the
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Bouet-Willaumez it has been decided to abandon the use of

this type of boiler in the French Navy. It has, however, been

retained on the Bouet- Willaumez for experiments with liquid

fuel. For torpedo-boats it cannot successfully compete with

boilers having accelerated circulation.

Referring to Fig. 165, it is hardly necessary to remark that

although the Petit-Godard boiler has two flat water-spaces,

yet it belongs to the same type as these having only one
;

in fact, as far as the circulation is concerned, it consists

of two separate and distinct units so combined as to form

one boiler.

The Leblond and Caville boiler (Fig. 166) may be men-

tioned as being analogous to the Petit-Godard. It is

cylindrical, with an in-

ternal furnace, and is, in

other respects, an off-

shoot of the Galloway
boiler. It is another ex-

ample of the fact that the

mere possession of water

tubes does not entitle a

boiler to be classed as a

water-tube boiler.

127. Grille -
Solignac

Boiler. Messrs Grille &
Solignac have collabo-

rated in the production
of various designs of

boilers, retaining all the

restricted openings at the

bottom ends of the tubes characteristic of the original Solignac
boiler. Previous to last year the arrangement adopted was
somewhat similar to that of the Lencauchez boiler, i.e., with

only one water-space or row of headers. At the present time

Fig. 166.



GRILLE-SOLIGNAC BOILER
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the water-space or headers are in two parts the lower one

distributing the water to the tubes and the upper one collecting

the steam this unique arrangement places the boiler in a

class apart. The great difference in level between the two

ends of each tube would almost justify the inclusion of the

Grille-Solignac boiler amongst those having accelerated circu-

lation. It is claimed that it is capable of evaporating more

than 14.4 Ibs. of water per square foot of heating surface.

Only one installation of this boiler has yet been made

afloat on a tug on the Seine, and it is included here more

on account of the originality of its design than because of

its use on board ship.

The generating tubes are arranged in groups of four, six,

or eight rows. Each group is provided with a cock and valve

at its inlet from, and its outlet to, the steam and water drum

for the purpose of isolating the group from the rest of the

boiler at will
;
a blow-off is fitted at C. By closing the cock

A at the inlet to the group, and opening the blow-off cock C

any group can be completely blown through, and the tubes

entirely emptied of water, thus maintaining them in a perfect

state of cleanliness. A damaged tube can be plugged with-

out interrupting the working of the boiler by first isolating

the group containing it. The valve at the outlet closes

automatically should a tube give way thus resembling the

Ravier valve described later in paragraph 166. It also gives

visible indication of the mishap while preventing the discharge

of steam from the drum.

The whole of the parts under pressure are supported in

gudgeons at each side towards the front of the boiler, and

can in their entirety be swung forwards through an angle of

about 90, in which position they are exposed and readily

accessible for external examination, cleaning, or repairing.

128. Field Boiler. Before considering the somewhat

numerous group of boilers with free circulation and with only
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one water-space, consisting of the Collet and its derivations,

which to-day are in strong competition with those having two

independent water-spaces or rows of headers, it is convenient

to refer here to the Field boiler, which may be looked upon
as their prototype.

In the Field, or rather the Perkins boiler, as modified by

Field, the tubes are verticle, and hang from a horizontal tube-

FIELD BOILER.

Fig. 168. Fig. 169.

plate, the circulation being provided for by means of an

internal tube. The direction of the current is downwards

through the internal tube and upwards through the annular

space between the two tubes. These descending and ascend-

ing currents in the one tube recall the well-known experiment

of the cylindrical vessel heated from below in which the
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circulation is improved, and the disengagement of steam

facilitated by the introduction of a concentric screen, also

cylindrical, which separated the confused currents into two

of opposite character. The Field boiler was first employed
on board ship as a donkey boiler at a time when its only

competitor for rapid steam raising was the Belleville.

The vertical tubes of the Perkins boiler, hanging from a

single reservoir, are irrational in principle, because the

current leaving the outer annular space impedes the flow

of water to the central inner tube. This defect was partly

overcome by Field, who fitted a conical mouthpiece to the

top of the internal tube (see Fig. 169). However, the circula-

tion is still imperfect, and at low rates of working the tubes

are liable to become choked with scale or deposits.

129. Collet Boiler. Niclausse Boiler. The inlet and outlet

currents which obstruct each other in the Field or Perkins

Fig. 170. Fig. 170A.

tubes permit themselves to be easily directed when the tubes

are placed horizontally, or nearly so, and the tube-plate

vertical. This is especially the case if the water-space into

which the tubes deliver is divided into two parts, and

the internal tube is carried through the central division so

that the outlet of the tubes is on one side of the division

and the intake on the other.

This arrangement was patented in 1878 by Collet, and

fitted on some boats, and subsequently on the despatch boat
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Elan, where it rendered good service before being replaced

by a Niclausse boiler. The headers are composed of a series

of rectangular boxes of sinuous form somewhat similar to

those of the Babcock & Wilcox boiler. Two vertical rows

of tubes arranged in a zigzag formation are connected to

each header. The outside tube is fitted into the inner plate

of the header next to the fire by means of a conical joint ;

the inner tube terminates in the central diaphragm of the

header. An internal stay screwed at either end holds the

3 B
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whole in position (Fig. 171). Though the arrangement is

a very secure one, it is not easily taken apart.

M. Niclausse introduced several improvements to Mr
Collet's boiler, and especially in the manufacture which led

to a rapid development of this boiler; Figs. 172 and I72A
illustrate the first type supplied to the French Navy and fitted

on the Friant. The diameter of the tubes was 3.23 ins., and

their thickness was .128 in.

To increase the heating surface, M. Niclausse reduced

the diameter and increased the number of the tubes. The

early boilers with small tubes were fitted on torpedo-boats
and on the Temeraire and are referred to in paragraph 130.

The external tubes were 1.58 ins. diameter and the internal

tube .75 in. and .1 and .02 in. thick respectively. The

space between the outer and inner tubes available for steam

and water was .31 in. During some shore trials when

burning 82 Ibs. per square foot of grate, an evaporation of

6.8 Ibs. per pound of coal was reached.

In the boilers for larger class of vessels there are tubes

of two different diameters. This type of boiler has been

adopted on the Yayeyama and Suffren', Figs. 173 and I73A

illustrate the boilers of this latter boat. Each section or

header is fitted with six tubes of large diameter and above

these thirty tubes of small diameter.

The external diameters of the tubes are 3.23 and 1.58 ins.

and 1.58 and .75 ins. for the internal tubes respectively, the

thicknesses being the same as that given above.

Latterly M. Niclausse has used tubes of uniform diameter

of 3.23 and 1.58 ins. placed in two rows in the headers; he

has also abandoned the use of the cast sinuous headers for

the plane rectangular form which are more easily cleaned.

The headers are now made out of a solid drawn tube of

square section and the sides are slightly thickened where the

tubes pass through, so as to provide for the necessary thick-

ness and obliquity of the tubes, the whole operation being

carried out by means of a powerful hydraulic press,
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FRIANT BOILER.

a. Main steam-pipe.
h. Main stop valve.

c. Auxiliary stop valve
d. Steam to feed-pump.
e. Peed-check valves.

/. Scum cock.

g. Safety valve.
h. Alarm valve.
i. Test cocks.

j. Water-gauge cocks.
k. Feed-delivery valve.
I. ^ Blow-off cock.
m. Internal steam-pipe.
n. Extractors.
o. Rings.

Fig. 172,
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Fig.
172A
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BOILER OF THE SUFFHHX.

Fig. 173.
Fig. 173A.
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From the very outset M. Niclausse used a form of joint

which enabled the tubes to be taken down and replaced from

the front of the boiler. The

Jj
outside generating tube, which

dPtHBMMJPlfe is put in first, fits into the back
^Ejj

and front of the header by
means of two long coned joints ;

the whole is held in position by
means of a dog, which bears

upon the centre portion of the

lugs of two adjacent tubes.

The attention that has been

devoted to the details, coupled
with the elasticity of the sides

of the header, assures the tight-

ness of the two coned joints.

The first arrangement used

and that now in actual service

is shown in Fig. 174.

The method of connecting
the tubes to the headers is as

follows :

The external tube was, until

quite recently, permanently
connected at one end to a

malleable iron casting, which

is known as a "lantern," but

the two are now made in one

piece. The end of the tube

where it joins the lantern is

slightly thickened and turned

to a slight taper, and fits into

a tapered hole in the rear plate of the header. The middle

portion of the lantern, which is cylindrical and of slightly

larger diameter, fits into the dividing plate or diaphragm of
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the header, and the extreme end, which is of larger diameter

still, is coned, and fits a coned hole in the front plate of the

header. This end is screwd internally for the reception of a

screwed plug, forming the end of the lantern of the inner

tube. Any pressure in the boiler only tends to press the

coned surfaces more firmly on their coned seats in the sides of

the header. The object of making each succeeding bearing
surface of the lantern of larger diameter than the one before

is to enable the lantern and tube to be drawn out from the

front of the boiler. The central cylindrical bearing of the

lantern is made an easy fit in the diaphragm dividing the

header.

The inner circulating tube is also provided with a lantern

of somewhat different form. The end to which the inner

tube is attached has a bearing inside the central cylindrical

portion of the lantern of the outer tube at the place where it

passes through the diaphragm, and the other end, which is

slightly coned and also larger, screws into the outer portion

of the external lantern, completely closing it. The inner

tube is supported by its lantern where it passes through the

middle cylindrical portion, but as it is exposed to the same

pressure internally and externally, it can be made extremely

light ;
the support afforded in the header, provided it is not

excessively long, is quite sufficient. The various cones

and the holes in the header and diaphragm are concentric.

The outer lantern is fitted with lugs or ears to enable it to

be removed from the header. The tubes are kept in place by
means of a dog, which bears upon the centre portions of the

plugs of two adjacent tubes, and is held there by means of a

stud and nut. The external tube is slightly reduced in

diameter at its free end, and closed with a cap to facilitate

cleaning. At this end it is supported loosely in a steel plate,

but the whole tube is free to expand and contract, being only
held rigidly at the front end, and consequently the boiler

is entirely free from the troubles due to the expansion of
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the tubes. The headers are secured to the top drum by a

cone-connection somewhat similar to the method used in

connecting the tubes and headers.

This ingenious arrangement ensures tightness of the joint

when properly executed, besides providing facilities for

removing and replacing the tubes. In service, however, the

large lanterns proved to be rather fragile, especially when
corroded

;
this gave rise to blowing out of the tubes and other

consequent difficulties. This and other practical difficulties

lead M. Niclausse to bring out his 1901 model, illustrated in

! 75- In the new arrangement the lantern has entirely

DETAILS OF THE TUBES OF NICLAUSSE BOILER (1901.)

Fig. 175,

disappeared. The outer tube is expanded by special tools

while hot so as to fit the central and back openings of the

headers. The tube is jumped up at the front end in order

to provide the necessary thickness for the coned joint outside

and the screw joint inside. The internal tube terminates just

short of the central diaphragm ;
a stamped ring fills up the

annular space, and is attached to the piece closing the tube by
means of two branches riveted to it. The internal tube is

supported at the other end in order to maintain it central with

the outside tube. The bottom end of the outside tube is
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closed by a cap being screwed on to it, the fitting and taking

apart is carried out separately on the two tubes, the tightness

of the conical joints is obtained by means of a removable

stirrup or dog, and that without any more difficulty than in

the earlier form.

The top drum is sufficiently large to minimise any
small irregularity which may occur in the feeding ;

baffles

separate the currents of water and steam. A steam dome
is fitted and the feed inlet is surrounded by a casing of

thin plating which acts as a mud-drum. The various details

are clearly shown in Figs. 172 and 173, where the same

letters are used for similar parts. Special attention may
be drawn to the headers where they receive the tubes, and

to the upper drum where the junction of the headers is

effected; the strengthening of the drum where the headers

enter has to be specially provided for. The outside tubes

are sometimes solid-drawn and sometimes brazed, and no

accidents due to brazing have as yet occurred; the internal

tubes which are not exposed to pressure are formed merely of

light plate. The method of construction and the tools used

therein have been most carefully designed and carried out.

130. General Features of the Niclausse Boiler. Results

obtained. The introduction of the Niclausse boiler into the

French Navy was largely due to the satisfactory trials of

the Friant. It having been decided to abandon cylindrical

boilers before settling which type to adopt, it was decided

to try the Belleville, D'Allest, and Niclausse boilers on

the three similar boats, the Chasseloup-Laubat, the Bugeaud,

and the Friant respectively. The results obtained are given
in paragraph 170.

The first trials of the Friant showed a low efficiency ;

dense smoke was given off from the funnel, and the uptakes
and the base of the funnel became excessively hot, but the

installation of more powerful fans overcame this difficulty.
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Experience has shown that the fires should always be

kept thin, and that the stoking should be methodical, as

described in paragraph 46. This system of stoking is a

curious return to an old method rendered compulsory in

the French Navy in 1866, by the influence of Rear-Admiral

Labrousse. Each fire is charged with about 30 Ibs. of

coal at intervals of two minutes. Under these conditions

the results obtained on the Friant were as follows:

1. Coal-consumption Trials.

Grate area . . . . . . . sq. ft. 78 '25

Heating surface .
'- 2323 "95

Ratio ^L|- 29 '

7
G. S.

Boiler pressure ..... Ibs. per sq. in. 180
Pressure at the reducing valves . . . ,, 141 '6

D2

Number of expansions in the engines A = . . . 12'40

Coal burnt per sq. ft. of grate .... Ibs. 10 '25

,, ,, horse-power hour . . ,, 1-49

2. Speed Trials.

Boiler pressure Ibs. per sq. in. 194-57
Pressure at the reducing valves . . ,, 163'14

Number of expansions in the engines A = - . . 7 '63
id?

Coal burnt per sq. ft. of grate .... Ibs. 25 '03

,, ,, horse-power hour . . . ,, 2 '032

The results attained encouraged further applications and

the Niclausse boiler was fitted on board the Henry IV., and

then on board a large number of boats of larger tonnage ;

the cruisers Kleber, Conde, Gloire, Le"on Gambetta, Jean-Bart,

Isly, Ernest-Renan and the battleships Suffren, Republique, and

Justice. This type even rivals the Belleville boiler in the extent

to which it has been applied. It has been fitted in other

countries besides France, namely in Russia, in the United

States, in Italy, in England, in Japan, and in the Argentine

Republic. Notably on the Retsivan, Variag, Khrabry, the new

Maine, Connecticut, Colorado, Pennsylvania, Virginia, Georgia,

Regina - Margherita, Garibaldi, Francisco - Ferruccio, Pelayo,
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Cristobal-Colon, Freya, Gazelle, Yayfyama, Katori, Kashima,

and the Presidente-Sarmiento. In the British Navy it was fitted

first on to the first-class gun-boat Seagull, and subsequently

on the Berwick, Suffolk, Devonshire, and Carnarvon, cruisers

of 22,000 horse-power; also on the New Zealand (18,000

I.H.P.), and on the sloops Fantome, Cadmus, and Clio.

Various evaporative trials have been made which show

that the Niclausse boiler is economical at all ordinary

rates of working, and can be pushed without danger to

UP to 35 Ibs. per square foot of grate.

The following results were obtained by Messrs Humphrys
and Tennant on a shop boiler with ordinary Cardiff coal :

Grate area

Heating surface

H.S.
Ratio

G.S.

19-16 sq. ft.

630

32-9

Duration of trial .



396 MARINE BOILERS [CHAP.

made by Mr Jay Witham, in the workshops of Messrs Cramp
of Philadelphia. The coal used had a rather lower calorific

value than that employed in the preceding tests, varying
from 13,140 to 13,940 B.T.U.

Grate area

Heating surface

H'.S.

G.S.
'Ratio

28 sq. ft.

1,092

39

Duration of trial .
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per square foot of grate. It will be seen that from the

point of view of thermal efficiency, the Niclausse boiler

more than holds its own amongst boilers with free circula-

tion.

It permits of an evaporation of 8 to 9 Ibs. of water

when burning 33 Ibs. per square foot of grate.

M. Niclausse attempted to bring out a boiler suitable

for torpedo-boat work. He reduced the diameter of the

tubes to 1.58 ins., and made the ratio of G.S. to H.S., i to

50. Such a boiler during a shop trial evaporated 6.77 Ibs.

of water per pound of coal when burning 82 Ibs. per

square foot of grate.

A similar boiler was fitted on the torpedo-boat Temeraire

in 1899. The furnace was only 26 ins. high and the

gases consequently escaped unburnt with a high funnel

temperature.

The results obtained from the Ttmtraire in service clearly

indicated that the boilers with small tubes were not suitable

for torpedo-boat work.

M. Niclausse then brought out a new design with a

higher combustion-chamber and tubes of 2.37 ins. instead

of 1.58 ins., and the evaporation, from and at 212 Fahr.,

rose to 1 1.6 Ibs. when burning 18.4 Ibs. per square foot,

and 8.8 Ibs. when burning 71.7 Ibs. per square foot of

grate.

The gun-boats Zttte was fitted with the same class of

boiler as the Thn^raire^ having i.58-in. tubes. The results

were in the first instance somewhat unsatisfactory, but since

1901 only one slight accident has occurred, due, it is stated,

to an excessive use of lime.

The Fleurus, (4,000 I.H.P.) also has i.58-in. tubes, but

the results in this instance have been more satisfactory.

Instances of broken lanterns have occurred especially if

worn or corroded, and more particularly with the i-58-in.

tubes. The risk of broken lanterns is not so great with
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3.23-in. tubes as with the smaller tubes, but the improve-

ments referred to in paragraph 129 have practically over-

come this difficulty.

In general Niclausse boilers afford unrivalled facilities

for inspection and upkeep. It is not sufficient merely to

empty the tubes from the front ends, they must be taken

out and completely emptied unless the whole boiler when

laid by is rilled up with fresh water and lime. Frequent

inspections are necessary to see that no deposits are occurring
to stop the circulation. The taking down and replacing of

the tubes must be done with care so as not to injure the

fine threads. The brickwork in the front of the boilers above

the fire-doors must also be carefully maintained.

The stoking with this type of boiler must be regular and

methodical, which it is not always easy to obtain with a

fresh draft of stokers. Several accidents have occurred with

this type of boiler, but they have generally been due to

overheating, consequent on shortness of water, and, in the

early days to faulty manufacture or construction of tubes.

The boiler is open to the objection, common to its class, of

obstructions occurring between the inner and outer tubes.

M. Niclausse has lately introduced several improvements,

among the more important is his new tube cleaner, which

enables tubes to be thoroughly cleaned without taking down

the side doors. The tubes can therefore be cleaned with

a minimum amount of trouble to the personnel whenever

necessary, an advantage, which in its turn is conducive

to greater cleanliness of the heating surface, and therefore

to higher efficiency. Cleaning is effected by fitting a hollow

sleeve in place of a lantern here and there over the front

of the boiler, through which the steam cleaning lance can

be passed. It also enables the lance to be made of a fairly

larger diameter, which permits of sufficient quantity of

steam being blown through not only to clean the tubes,

but also to leave their surfaces practically dry. Though
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the use of the sleeve means the suppression of a few tubes,

and therefore a slight reduction in the quantity of heating

surface, it is more than compensated for in actual service

by the greater cleanliness secured.

M. Niclausse has also recently introduced a superheater

which he has used with considerable success on land work.

It is placed in the centre of the nest of tubes, i.e., about half

way up, and with this arrangement it is said that a very
uniform degree of superheat under widely different rates

of working can be obtained.

131. Diirr Boiler. Montoupet Boiler. The Diirr boiler,

of German origin, is also a derivative of the Field boiler
;

it is analogous to the Collet-Niclausse, but, unlike it, is

not divided into elements, all the generating tubes being
connected to a single flat water-space (Figs. 176, I76A,

1766). Trials of this boiler have been published, in

which the combustion has been forced up to 70 Ibs. per

square foot of grate ;
but the efficiency must have been

low, judging from what is known of the Belleville,

Oriolle, Collet, and other boilers, when forced at such high
rates.

The Diirr boiler is fitted on the German cruiser

Ersatz-Freya, of 5,600 tons
;

at the same time two other

sister ships are to be fitted with Belleville and Niclausse

boilers ; this series of trials will recall the similar ones

recently made in France, on three cruisers of 3,750 tons,

fitted with Niclausse, Belleville, and D'Allest boilers.

The Diirr boiler has since been adopted on several

German vessels among which are the second-class cruisers

Victoria-Louise and Vineta, on two large cruisers, Prince

Heinrich and another vessel, and on three second-class

battleships, Baden, Bayern, Sachsen, and on the training-

ship Rhein. In the British Navy this class of boiler has

been fitted on the Medusa and the Roxburgh.
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The particular feature of the Diirr boiler consists in

the arrangement of the tubes, which are slightly bent so

as to form practically a tube wall with the tubes nearly

touching each other, as illustrated in Fig. 1766. The

DURR BOILER.

Longitudinal Section.

Fig. 176.

angle must not be too great, in order to provide sufficient

room for passing in the inner tube.

M. Diirr was probably the first to modify the Collet

boiler so that the whole boiler could be dismounted from

the front. The present arrangement of the tubes is that

shown in Fig. 177.
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DURR BOILER.

Half section on CD. Half section on AB (Fig. 176).

b
::_ _

o o c o

Fig. 176A.

JOINTS OF HORIZONTAL TUBES.

Jl I

Fig. 176B.

2 C
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The Montoupet boiler is a more recent derivative of the

Collet boiler, dating from 1895. A front water-space divided

down the centre by a baffle corresponds to the vertical

headers of the Collet and Niclausse boilers. In tests carried

out by the French naval authorities on some river boats in

1901, a good evaporation of 9.7 Ibs. of water per pound of

coal was obtained when burning 22.5 Ibs. per square foot

of grate.

ARRANGEMENT OF TUBES OF. THE DURR BOILER.

Fig. 177.

M. Montoupet gave up attaching the tubes to the

front plate of the water-space and attached them only to

the back plate. The external tube fits the back plate with

a fairly sharp cone in order to insure the tightness of the

joint, the steam tending to tighten them. The internal tube

fits into the annular space, as shown in Fig. 178 ;
the holes

in the front plate are closed by an efficient form of door.

The practical details of this boiler have been well

thought out
;

the tubes when hot are pressed up in a

hydraulic press so as to give them the necessary thickness
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for turning the coned joints ; the cones are turned on the

tubes and the tubes are then expanded into the back tube

plate, and they can be re-expanded as occasion may
require. A small collar is left on the end of the tubes to

prevent them blowing out.

ARRANGEMENT OF TUBES IN THE MONTOUPET BOILER (1901).

(These tubes are inclined as in earlier boilers.)

Fig. 178.

There are other types similar to the Collet boiler, such

as the Pattison boiler made in Italy, and the Joya boiler

described by M. Boutte during the Exhibition of 1900.

Further types are referred to in paragraph 133.

132- Charles and Babillot Boiler. The Charles and

Babillot boiler, illustrated in Fig. 179, is also a concentric

tube boiler. The gases circulate in the first instance

around the outside of the big tubes, and then pass along
the inside of the smaller tubes. The annular spaces contain-

ing the water are connected in front by a header for the

escape of the steam, and at the back, with tubes for circulat-

ing the water. The arrangement naturally provides a large
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amount of heating surface on a small weight. This type
of boiler was fitted on the torpedo-boats Sarrazin and

Tourbillon, also on the six torpedo-boats, Nos. 155 to

160, but the use of this type of boiler has not been continued.

The narrow annular spaces between the tubes impeding
the circulation led to the formation of steam pockets, and

CHARLES AND BABILLOT BOILER OF THE SARRAZIN.

Fig. 179.

rendered this type of boiler extremely dangerous, when

forced at the high rates usual on torpedo-boats. The

repeated occurrence of accidents, owing to the lower rows

of tubes becoming red hot, led, after the accident in

January 1894 on board the Sarrazin, to the final con-

demnation of this type of boiler. One of the boilers built
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for the torpedo-boats was fitted on to a little boat on the

Seine where it was only worked at a very moderate rate,

but a serious accident occurred in January 1900, when

a tube blew out and six persons were severely injured.

133. Various Types. The different types of boilers which

have been briefly reviewed are far from forming a complete

series, and several other types are mentioned in the Editors'

work on " Water-Tube Boilers
" *

Among these various types may be mentioned the Watt,

Sinclair, Root, and Naeyer boiler. The Lencauchez or the

Bourgeois-Lencauchez boiler, described in paragraph 126 has

a derivative in the Terme-Deharme boiler used on the Paris

river boats. The Kelly boiler is a type of Niclausse boiler
;

the tubes are divided into two portions by a partition running
down the centre, but this arrangement has given rise to

frequent accidents. The Lane and Menay boilers are

similar to the Collet boiler
;
the Herisson boiler is similar to

the Field boiler, and resembles the De Dion-Bouton-Trepar-
doux boiler. The Turgan boiler is referred to at the end of

the next chapter. Mr Irving and Mr Noble have designed
a boiler similar to the Charles and Babillot boiler, where the

flames pass through the centre of the internal concentric tubes.

The types of boilers actually in use afloat are not numerous,

and competition between them has led to increasing their

efficiency and perfecting the details of construction. This is

particularly the case in the boilers with accelerated circulation ;

a large number of different types have been recently brought

out, being mostly, however, modifications of existing types.

Boilers with free circulation are not as a rule worked at the

higher rates obtaining with boilers of accelerated circulation,

but several of the leading makers of the former type of boiler

hope to compete successfully with boilers of accelerated

circulation.

* " Water-Tube Boilers," Leslie S. Robertson. John Murray.



CHAPTER XIII.

BOILERS WITH ACCELERATED CIRCULATION.

134. Movement of Water in a Circuit of some Height.
The characteristic feature of all boilers having accelerated

circulation is the creation and maintenance of a current

of steam and water moving with a very much higher

velocity than that at which the steam can possibly pass

through the almost stagnant water in a Belleville boiler,

or than that with which the steam can drag the water

through a boiler having free circulation. The steam

bubbles are detached from the heating surfaces, and

carried towards the reservoir as quickly as produced, and

are unable to accumulate and form steam-chambers, how-

ever high the rate of evaporation.

The means of ensuring this consists in causing the

forces by which circulation is usually and naturally pro-

duced, to act upon a column of some height, and so

disposing the down-take tubes returning the water from

the top to the bottom reservoir, that they form a continuous

circuit with the tubes carrying the steam from the bottom

to the top.

The laws governing the movement of water containing
steam bubbles, in a partly heated circuit, were for a long
time very little understood. They have been carefully

examined in some recent works and papers, amongst which

may be noted, Traite des Chaudieres a Vapeur, of M. Bellens,

Les Chaudieres Marines, by M. de Chasseloup-Laubat, a paper
in the transactions of the Socie'te' Technique Maritime, by

406
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M. Brillie, and various articles in the Engineer; and they

have been the object of some interesting experiments on

the part of several engineers, amongst whom Yarrow,

Thornycroft, and Watkinson may be mentioned.

The movement of liquids in a complicated circuit can

only be determined by actual experiment ; although the

velocities cannot be obtained, a priori, by calculation, yet

they furnish us with useful information regarding the nature

and relative value of the forces tending to produce movement.

M. Brillie has worked out some theoretical formulas

regarding the movement of the water in different types of

boilers, and the results appear to be fairly accurate, but a

detailed consideration of these is beyond the scope of the

present volume, which is concerned with considerations of

a general nature.

135. Effects due to the Expansion of Water. Let us first

consider the effects of a difference of

temperature in a tubulous circuit such

as a c b (Fig. 180).

Let t be the temperature of the liquid.

Suppose that at the point d, which is at

a distance h below the upper orifice of

the tube, the temperature is raised and

becomes T. A current will be immedi-

ately set up and will be permanent when

the column d b has become filled with

hot water. If "a" represents the co-

efficient of cubical expansion of the liquid then the force

tending to produce movement, measured in height of

water, is /I i \
'

V i + at
"

i + rfT /'

or, neglecting the term in az
.

<. T-

C
FiS- 18 -
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which is sensibly proportional to T t. The velocity of

the current becomes constant when the resistance of the

circuit equals the force /.

If the point d falls towards c, the height h increases,

and the current is accelerated. If the point d, to which

heat is applied, is then carried upwards along the branch

c a, the velocity of the current is diminished, but its direc-

tion remains unchanged. When, for instance, the heat is

applied at </, which is at the same height as d, the

difference in pressure resulting from the difference of

temperature / in d'a and T in dcdb has the same value /
as in the case just considered, and the velocity of the two

currents would be the same. To ascertain the direction of

the current it is therefore not sufficient to know which

branch is heated, but which was heated first.

Supposing that, the source of heat being at d and the

current moving in the direction of the arrows (Fig. 180),

a fresh source, or sources of heat are introduced between

d and <, the movement will be accelerated. For instance,

there will be a higher velocity with two equal sources of

heat at d and d' than with one source only at d a result

which at first sight would appear paradoxical.

The difference of pressures p given by the formula (o)

cannot be great, owing to the smallness of the coefficient

a
;

it should be particularly small in tubulous boilers,

because the difference in temperature of the ascending and

descending columns can hardly exceed 9 Fahr. when once

the circulation is well started. Assuming T / equals 9,

/ = 0.0005 h.

For a height of 6.5 ft. the velocity should be 4 ins.,

neglecting the resistance to motion, but actually it would

not exceed 2 ins. The movement due to the difference of

temperature forms but a small proportion of the observed

velocity, when the production of steam is actually taking

place.
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136. Effects due to the Production of Steam Bubbles. The

rapid circulation in the class of boilers now under con-

sideration is due to the action of the steam bubbles in the

ascending portion of the circuit.

A steam bubble of a specific gravity 8, in a liquid of

a specific gravity A, supposing there is no resistance to

its movement, will rise with an acceleration W determined

by the equation :

in which 8 in the second expression is negligible in the

presence of A. There remains, therefore,

For example, with a temperature of 368.5 Fahr., and

a pressure of 170.7 Ibs. per square inch, we get
A = 0.887

W =
4, 760 ft. per sec.

The resistance offered by the liquid at once checks this

enormous acceleration, and limits the velocity of the bubbles

through the water to a slow and uniform movement.

Let us consider the movement of bubbles of a diameter

D passing through the water with a velocity V and

experiencing a resistance R, the same as if they were solid

balls. The value of R in terms of the velocity V, is, in

default of proof to the contrary, given approximately by the

equation

(3) R=Kxi7rD2 X V2
.

K being a coefficient of resistance taken formerly as

equal to 0.95 the force acting on the bubble is exactly

(4) 62.4x^0^-8).
When the movement is uniform the resistance is equal

to the force producing movement, hence

(5) V 2= 62.4 x|(A-S)D.
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In the above formula (A 8) has been taken as 0.881, the

foot and pound having been taken as units in formula (3).

The value of K has been estimated by M. Brillie as 2.28

from experimental measurements of the velocity V. We
then have

V2= 16.65 D-

V = 4.08^/0.

V and D being measured in feet.

The velocities given by this formula are low, whatever

the diameter of bubble.

They are almost negligible with very small bubbles

of less than .04 in. in diameter enclosed in a rapidly

moving current. For instance, if

D = o.o8 in. = .328 ft. per sec.

D = o.oo8in. V = . 102 ft. per sec.

for a diameter of .8 in. the velocity would be 1.02 ft.

per second. As the velocity in this type of boiler has been

observed to reach about 2 ft. per second at the entrance of

the tubes, and over 3 ft. per second at the outlet the minute

bubbles carried up in the emulsion may be looked upon as

stationary compared to the velocity of the water in which

they are moving.
It is interesting to note the volume of steam and the

corresponding number of bubbles produced in a tube.

Boilers with accelerated circulation can evaporate 10.24 Iks.

of water per square foot of heating surface per hour
;
this

gives 104 Ibs. or 27.7 cubic ft. of steam at 171 Ibs. pressure

per square inch in a tube 'of 1.18 ins. internal diameter and

3.28 ft. long. In such a tube 52,000 bubbles of 0.08 in.

diameter would be produced per second, or 52,000,000

bubbles of 0.008 in. diameter.

Applying these calculations to cases where the pressure

reaches 284 Ibs., about the average for tubulous boilers, the

figure relating to the volume of steam should be reduced in
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the proportion 0.621. The value A 8 becomes at the same

time 0.877.

Bubbles moving at a uniform velocity encounter a resist-

ance to their passage through the water of

equal to the force with which the bubbles react upon the

water. The sum of these reactions, however, distributed

throughout the particles of the liquid has the same effect as

a reduction in the specific gravity of the liquid ;
this may be

demonstrated by a simple experiment, which also shows

that the increase in hydrostatic pressure is sensibly equal to

the unbalanced forces acting upon the bubbles and causing

them to rise.

If a cylindrical vessel containing water is placed upon
a balance, and steam-bubbles have just commenced to form

and rise with a uniform velocity, no change in weight will

be indicated. The level will rise from a to
l>, owing to the

displacement of the bubbles (Fig. 181) ; the height // will

become h
l ;

the mean specific gravity 8 will become \ ; and

therefore,

(6) S
l
A

1
= S/t.

If there had been an outlet at a the pressure on the

bottom of the vessel would have been reduced in the

proportion

A-^l
h~ 8

Similarly in a U tube, of which one branch only contains

bubbles (Fig. 182), the level in this branch will rise from

a to b while remaining stationary in the other branch.

There is therefore equilibrium at the bottom of the syphon ;

but if an opening be made at a, there will be an overflow

due to the difference of pressure

(7) *,_* =
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Let us now consider the case of a U tube as in Fig. 183,

having provision for circulation in the shape of a return

tube, or down-take C, which is not heated and is in com-

munication with the branch B, in which bubbles are

produced.
Without steam bubbles, the level in the tubes, when at

rest, will be the same, a' and a", and the columns of water

in A and C will be in equilibrium with the column of water

and steam in B, where the level is at b. On account of the
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of boilers, and in particular that of M. Sochet, which was

the first having accelerated circulation.

The statements previously made regarding the permanence
of the currents produced by an initial difference of temperature
in the two branches of a circuit a c b (Fig. 180), apply equally
to the currents produced by the movement of steam bubbles.

We must, however, suppose that the velocity of the water is

in all cases greater than that of the bubbles relatively to the

water, the movement always taking place in an upward

^
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whether the source of heat is applied at d' or d. The

application of additional sources of heat, in whatever positions,

will, within certain limits, increase the velocity of the current.

Finally, when the velocity of the bubbles in relation to

the water is negligible, as is the case in boilers with

accelerated circulation, the movement of the water under the

conditions shown in Fig. 185 is not reversible. The velocity

depends on the position of the source of heat
;
the direction

of the water depends on the initial conditions alone.

With glass tubes heated by Bunsen burners, Mr Yarrow

made some interesting experiments on the laws regulating

the circulation of water.

It may be noted that the current set up by the production

of steam bubbles, produced at a constant rate, should be of

a more permanent and uniform character

than that due to the lowering of the

specific gravity of the ascending column.

In fact, if a reduction of velocity takes

place, the steam bubbles accumulate in

greater quantity in the ascending column,

and the difference in specific gravity

in the two columns increases by virtue

Fig. 186. of fae reduction in velocity. There are

thus two forces at work tending to restore the circulation

to its normal velocity.

A special case, where the current is due to the production

of steam bubbles, and not to the heating of the liquid, is that

where the tube is of such a small diameter that the bubbles

fill the whole section.

The liquid column is then broken (Fig. 186), and if

there were no return tube an upward movement would be

impossible, contrary to the case illustrated by Fig. 181.

Supposing circulation to have already been established,

the fall of pressure produced would be equal, as in the

preceding cases, to the reduction in the mean specific gravity
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of the ascending column, only in this case the reason for

the fall of pressure is more evident than in the preceding

case. The resistance opposed to the circulation, and conse-

quently the laws governing its velocity, would be very

different to those in the case of Fig. 185.

137. Comparative Effects of Evaporation and Expansion.

The principle of the entrainement or setting in motion of

the water by the action of steam bubbles being thus

established, the head of water corresponding to the action

of the bubbles can be calculated in a simple manner by

assuming certain, not improbable, hypotheses regarding the

velocity of circulation of the water. Again, considering
the tube of 1.18 ins. internal diameter, and generating per

hour and per foot of length, 27.72 cubic ft. of steam, of a

specific gravity of 0.006, if the tube heated is 6.56 ft. long
it will deliver 55.4 cubic ft. of steam per hour at its upper
orifice. Supposing that, while heated, the velocity of

the current of circulation is 3.28 ft. the total output of the

tube is 0.25 cubic ft. per second, or 90 cubic ft. per hour.

The mixture of water and steam discharged from the orifice

is therefore composed of three parts of steam and two of

water. The water is thus subjected to a circulating force

which, at the top of the tube, amounts to three-fifths of the

specific gravity of an equal column of solid water without

steam bubbles, that is to say, about two thousand times

greater than the effect produced by a rise in temperature

of 9 Fahr.

Under these conditions the velocity of entrance of the

water at the bottom of the tube is, neglecting the weight
of steam as compared to the weight of water present,

1x3.28=1.31
The proportion of the water not evaporated to the

steam is thus
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or approximately 100. These figures agree fairly well

with data gathered from observation.

The above reasoning is applicable to cases where,

instead of generating steam, bubbles of gas are introduced

at uniform rates at the point d\ this method has been

used by Mr Yarrow for the purpose of his experiments.
Steam bubbles possess the peculiarity of condensing, and

of partially reforming while rising and falling, owing to

variations of pressure.

138. Application of these Principles to Circulation of

Boilers. In actual practice, the above speed of circulation

u-v**?!
which corresponds to the difference of pressure/, is far from

being attained. In fact, if on a very small height dh,

taken at the top of the tube, the small depression, as we

have seen, is

dp x | X dh,

dp being zero at the bottom of the tube, where there are

no steam bubbles, the total depression for the whole tube

ought to be

P-&*
and even more.

Supposing h to be equal to 5 ft. the velocity U would

reach 10 ft., five or six times greater than that shown in

actual practice. The difference is explained by the

importance due to the loss of head in the ascending

current of the generating tubes, in the descending current

of the return-tubes, and especially in the passage of the

drums.

The formation and the entrainement of the steam, in

the form of an emulsion is one of the characteristics

of the new types of boilers, and indicates that there is a

sufficiently pronounced circulation to prevent danger of

burning or excessive incrustation of the tubes. In the early
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stages of getting up steam the generating tubes dis-

charge the steam in sudden puffs and with a geyser-like

action, but as soon as the circulation is thoroughly started

the discharge becomes regular. This shows that the

steam is swept off the sides of the generating tubes, instead

of allowing the steam bubbles to form a steam-pocket,
which would rise owing to its hydrostatic head.

Everything possible should be done to assist the circula-

tion, by encouraging all that tends to produce steam,

removing as far as possible any causes tending to reduce

the circulation, as the efficiency of a boiler increases with

the speed of circulation. In war vessels provision must

be made for the boilers to evaporate 10 Ibs. per square

foot of heating surface per hour, and at ordinary rates of

working, they must be capable of evaporating about 4 Ibs.

To secure this, the proportion of the volume of steam

to water in the ascending currents is increased by reducing
the diameter of the tubes, and the resistance to the descend-

ing currents is diminished by increasing the diameter of

the down-comers, and making them as large and as straight

as possible. At first it used to be thought that the down-

comers should be kept cool, but the advisability of

keeping them warm has now been recognised, because the

increase in lightness of the water due to the heat imparted
in the down-comers adds to the increased lightness of

the ascending column. The heating of the feed-water is

particularly useful, as the water is then in a position to

take up the heat more readily.

A question which has attracted considerable attention

is the limiting proportion of steam to water, which can

be attained but not exceeded in the generating tubes.

M. de Chasseloup-Laubat suggests a half as the most suit-

able proportion. This proportion will no doubt vary with

different types of boilers, but there must always exist some

proportion which will give the maximum output. Anything
2 D
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under this will retard the current, and too high a per-

centage of steam will not leave sufficient water to absorb

the heat transmitted through the heating surfaces. These

remarks refer to the volume and not the weight of the

steam and water. The proportion of the weights will

increase directly as the pressure. The weight of water,

that boilers with accelerated circulation can evaporate under

good conditions, increases with the pressure.

The circulation would be still further increased if the

water could pass from one tube to the other without travers-

ing the receivers or drums, but boilers embodying this

arrangement have not been brought to a successful issue.

Boilers with accelerated circulation which have lately been

so largely adopted, were first used at Cherbourg over fifty-

five years ago, when the first experiments on this type of

boiler were being made.

139. History of Boilers with Accelerated Circulation. Socket

Boiler. When a new form of boiler or other apparatus

suddenly becomes extensively adopted, it is frequently

discovered that long ago there existed examples, which in

their day received but little attention. Such instances are

not wanting in connection with the type of boiler now

under consideration. According to Mr Seaton's "Manual

of Marine Engineering," there existed in 1827 a tubulous

boiler composed of a steam reservoir and two steam and

water reservoirs connected by tubes, the arrangement being

strikingly analogous to that of some of the most recent

examples. They were first used on traction engines.

The introduction on a practical scale of boilers with

accelerated circulation for marine propulsion is largely the

work of Captain Du Temple. He was, however, anticipated

by M. Sochet, Director of Naval Construction at Cher-

bourg. The result sought by M. Sochet was simply the

production of a boiler with rapid circulation
;
in fact, this
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was the name he gave to his boiler. His object was to

prevent the disposition of hard adherent calcareous deposits

upon the heating surface, and not with a view of avoiding

the formation of steam chambers at high rates of evaporation

which were not then contemplated. His idea was that

the marine salts would solidify in a finely divided state,

be carried over by the circulating current, and deposited

in an extractor or settling drum, from whence they could

be discharged by blowing-off. The problem was to con-

struct a marine boiler capable of being worked at a high

pressure in connection with jet condensation. The use of

high pressures with fresh water was also contemplated.

The Sochet boiler designed for use on board ship, fulfilled

the ideas of Dupuy de Lome, who desired to use high pressure

boilers with fresh water from surface condensers. After the

construction of a one horse-power boiler M. Sochet made,
in 1857, a four horse-power boiler, illustrated in Figs. 187,

i87A.

The Sochet boiler, primarily intended for service afloat,

was only tried on land for workshop purposes. Fig. 187
shows its general arrangement, which exactly corresponds
to that now universally adopted for this type of boiler. The
circulation is complete, the steam being produced in the

ascending portion of the current, and the water returned

by a large external down-take. It will be noticed that the

steam is discharged above the water-level in the reservoir, as

in the earlier types of the Thornycroft boiler. M. Sochet

also contemplated blowing air into the ashpan.
The Sochet boiler worked at a pressure of 71 Ibs.

per square inch and evaporated 7.35 Ibs. of water per Ib.

of coal, while burning 15.36 Ibs. of coal per square foot of

grate per hour. The grate area was 5.38 sq. ft., and the

heating surface 75.35 sq. ft. On the termination of these

trials, M. Sochet in 1861, acting on orders from M. Dupuy
de Lome, prepared designs for a 6000 horse-power boiler,
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the arrangements of which were not so simple as those

shown in Fig. 187, and the design was consequently

rejected, a Rowan boiler being fitted in its place on the

despatch boat Actif, and tested in 1862.

Fig. 187.

Fig. 187A.

At the date at which it was put to work, the Sochet

boiler, no doubt, appeared to require very delicate handling ;

besides, it offered no great advantage when used on shore,
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and was abandoned about 1859 and replaced by an ordinary-

boiler.

M. Sochet, who was the Author's chief in 1862, spoke

very little of his boiler, but later on, the Author heard it

referred to in the boiler shop, where it was well remembered
;

the manager of the shop, M. Bigot, a very capable engineer,

fully appreciated the advantages of rapid circulation for

light boilers containing very little water. M. Du Temple
himself does not appear to have had any direct knowledge
of the experiment made by M. Sochet, but the workmen,
first employed by him had seen the boiler just described,

and this probably accounts for the similarity in shape of

the curved tubes shown in Fig. 187, and those of the early

Du Temple boilers.

140. Du Temple Boiler. Original Form. Commander
Du Temple designed his first boiler with the object of

applying it to purposes of aerial navigation. It was designed
with a view of supplying steam to an engine driving the

helical propeller of a kind of aeroplane, an invention to

which M. Du Temple devoted the whole of his fortune

and a part of his life, particularly after 1876, when he

retired from political life. The aeroplane was a failure,

but the boiler survived. In 1878, it was fitted to a few

launches, and afterwards to some torpedo-boats, and has

now become the most extensively adopted type of boiler

for use under high rates of forcing, whether in its early

form, or as altered by different makers. Unfortunately,
this took place at the moment when its inventor had

just passed away.
The general form at first given to his boiler by M. Du

Temple has not since been departed from, and is similar

to that adopted by the majority of other makers. Two
small water-chambers at the sides of the furnace form the

lower portion of the boiler. The steam reservoir is placed
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above, with the water-level at about its centre. The

generating tubes connect the steam and water reservoirs

and discharge below the water-level. Large external down-
takes at the front and back of the boiler serve to return

the water from the upper to the lower reservoirs, and

complete the circuit of circulation. Fig. 188 represents

this arrangement, and at the same time shows several

details which have for a long time been in use, and are

also embodied by the inventor in his last patents in 1890.

The distinguishing characteristics of the Du Temple
boiler properly so called, when compared with the im-

proved and perfected forms which have since appeared, are

(a) the use of tubes bent into several folds with five

straight portions, but slightly inclined to the horizontal

and successively crossed by the hot gases ;
and () the

use of cast-iron bottom chambers of rectangular section.

The furnace gases ascend almost vertically. At first, Du

Temple attached great importance to the use of very thin

and small tubes of about 0.4 in. diameter. He found that

by their use he could obtain a larger heating surface, and

also a minor advantage, in the facility with which a burst

tube could be stopped by simply closing it together near

the ends by means of a pair of pincers. He was himself,

however, obliged to abandon this primitive method of

tube-stopping. The tubes of the boilers for torpedo-boats
Nos. 130 to 144, ordered in 1889, were of 0.51 in. internal

diameter, and about 0.67 in. external diameter. Du Temple
retained till the last the cast-iron bottom chambers, which

were provided on the outside with a number of small

hand-holes.

The disadvantages of the Du Temple boiler in the form

which its inventor finally gave to it principally affect its

durability. The circulation in the very sinuous generating
tubes was comparatively slow, from which circumstance

arose the danger of the formation of deposits, especially in
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the nearly horizontal portions next to the bottom reservoirs,

and also the danger of the formation of steam-chambers

in the tubes. As soon as an obstruction commenced to

BOILER OF "DRAGON."

ooaoooo'O
o o o o o o o

Fig. 188.

form in a tube, the circulation was still further retarded

and the danger increased, so that the tube was bound to

burn through in a very short time. The Dragon gave
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occasion for complaints of this nature whilst serving with

the squadron, and the same thing occurred on the three

torpedo-boats Nos. 186, 190 and 191, during the trip they
made from Cherbourg to Toulon in 1895. It should,

however, be mentioned that the engineers, who were un-

accustomed to the management of tubulous boilers, did

not take sufficient care to ensure the purity of the feed-

water, and to maintain the water level. The accident to

the boiler of the Averne, where the lower portions of the

generating tubes were entirely burnt away during a passage
from Cherbourg to Brest, can only be explained by a

prolonged shortness of water.

The early Du Temple boilers suffered from the smallness

of their combustion chambers, which were hardly larger

than those of the Belleville boiler. Owing to this, combus-

tion was incomplete, due to cooling of the gases by pre-

mature contact with the generating tubes, and at high rates

of forcing this gave rise to excessive flaming at the top of the

funnel. In this respect, as in that of evaporative efficiency,

the Du Temple boilers are no worse than the locomotive

boilers which they have been called upon to replace on

several torpedo-boats.

141. Successive Improvements in the Du Temple Boiler.

The Du Temple-Normand Boiler. The Guyot Boiler. The Du

Temple boiler has been the object of numerous improvements,

the enumeration of which would almost constitute a history

of boilers with accelerated circulation. Some of these im-

provements have been introduced by the different engineers,

who since 1890 have been at the head of the Du Temple

establishment, but the most important are due to the makers,

who successively joined the movement in favour of the new

system of boilers, and in particular to M. Normand, whose

improvements have since been adopted by the Du Temple
firm,
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Sir John Thornycroft was the first in England to apply
tubulous boilers to torpedo-boats, and most probably the

first to use, in the form adopted in his boiler, the method

of forming screens or walls by means of tubes in contact

with each other. In general arrangement the Thorny-
croft boiler is quite distinct from the Du Temple type.

M. Normand, whose conversion to the new system largely

influenced its success in France, worked at the outset in

collaboration with the Du Temple firm, and the Du Temple
series of boilers includes several mixed types of Du Temple-
Normand boilers, before the present form of Du Temple
boiler (which differs very little from the Normand boiler

itself), was arrived at.

As it is difficult to follow in strictly chronological order

the improvements in the Du Temple boiler, only the most

recent changes will be noted. One of these was the abandon-

ment of the lower rectangular cast-iron collectors in favour

of cylindrical wrought-iron ones. Independent of the fact

that they were inferior in design, the rectangular collectors

gave a wrong direction to the lower ends of the tubes.

These, which should be vertical at the junction of their lower

ends with the collectors, in order to facilitate the settling

of solid deposits in the bottom reservoirs, had with the

rectangular collectors, a horizontal direction. The bottom

drums are inspected by means of a single manhole in the

boiler-front.

The diameters of the tubes and the forms into which

they are bent have been frequently modified, but always in

the direction of increased diameter and simplified form.

The boilers of the torpedo-boats Nos. 130 to 144, built

in 1889, had tubes of 0.67 in. external diameter. In ten

torpedo-boats, No. 145 type, tubes of variable diameters were

employed, having a diameter of 0.75 in. over the lower

horizontal portion, and 0.94 in. over the remaining length
of the tube

; the thickness was at the same time increased
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from 0.079 in - to 0.098 in. The diameter was made variable

with the object of facilitating the escape of steam from the

upper portions of the tube. In 1893 the tubes were made

0.98 in. in external diameter at the lower portion, and 1.18

BOILER OF THE "CHEVALIER."

Fig. 189.

ins. for the upper portion, with a uniform thickness of 0.118

in. As now made, the external diameter is uniform, and

equal to 1.38 ins.

A simplified form of tube is found for the first time in the
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boiler of the Chevalier, represented by Fig. 189, where the

tubes are only bent over twice instead of four times. This

type, at 213 Ibs. pressure per sq. in., has been adopted for

a good many boats, the Lander, Corsaire, Mousquetaire,

torpedo-boats Nos. 145, 146, 15410 159, 170 to 181, etc.

The Du Temple establishment continued to use this form

of tube, with the gases always passing across the tubes,

up to 1896. In the latest boilers of this type represented

by Figs. 190 and igoA the disadvantages inherent in this

form, as regards the utilisation of the heat, have been almost

eliminated. The tubes rise vertically from the upper portions

of the bottom drums and form a high arch over the grates,

giving a good lofty furnace. A partial baffle is formed by

arranging the tubes close together, causing the gases to

take a transverse direction
;
a baffle of sheet metal, placed

under the funnel, forces the gases towards the two ends of

the boiler, so as to obtain about the same duty from the

tubes near the ends as from those in the centre of the boiler.

Another arrangement of generating tubes, as proposed by
the Du Temple firm, may be mentioned, in which the tubes,

rising from the bottom drums, cross each other in the centre,

those rising from the right-hand bottom drum being con-

nected to the left hand of the top drum, and those from the

left-hand bottom drum to the right hand of the top drum.

This arrangement has been used by M. Nabor Soliani, and

also by a Swedish designer.

At present the Du Temple establishment is abandoning
the use of tubes bent into several folds, with a transverse

direction of the gases, in favour of the return flame type,

the superior efficiency of which cannot be questioned. The
tubes form a wall around the fire, and combustion is even

more complete than in the furnace of a cylindrical boiler.

The hot gases, returning among the banks of tubes, pass
from end to end of the boiler before escaping into the

funnel.
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The tubes forming the closed walls or baffles, by the

aid of which it is now possible to direct at will the current

of gases in tubulous boilers, and even to surround the

DU TEMPLE-GUYOT BOILER.

Longitudinal section. Half section. Half elevation.

Section on a b.

Figs. 19Uandl9lB.

whole boiler with a water wall or jacket, are worthy of

notice. It is obvious that the tubes cannot be in contact

for their entire length, on account of jointing them with

the reservoirs. The walls are formed by bending into the
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same plane the tubes of two neighbouring or contiguous

rows, so arranged that the space between two of the tubes

exactly corresponds to the external diameter of the tube in

the other row. The short triangular spaces, which are

unavoidably left at the ends of the tubes, must be closed by
fire-brick or asbestos, especially at the upper ends, so as

to prevent any passage of the gases. It may even be

necessary to use a light backing of fire-brick or asbestos

behind the tube-walls, in order to obtain the desired tightness

and, in order to fill completely any interstices which may
exist between the tubes in the same plane, a small thread

of asbestos is packed in between them.

The type of Du Temple boiler represented by Fig. 191

was designed by M. Guyot, an engineer at Cherbourg,
and the following are the particulars of the boilers under

construction at the end of 1896, and intended for torpedo-

boats Nos. 206 to 211 :
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by the Du Temple establishment. This joint is shown in

Fig. 193, and consists of a cone and nut screwed on to

the ends of the tubes, the plate of the barrel being gripped
between them. The engineers of torpedo-boats have

generally reported well of this arrangement, which facilitates

Fig. 192.

replacing the tubes, and almost always permits of

"plugging." Its disadvantage is an enlargement of the

holes in the barrels, and consequently the tubes have to

be spaced further apart.

The cones and nuts were, until recently, of brass, but

steel has now been adopted, so as to avoid galvanic action.

The steel cones are screwed

on to the tubes, and then CONNECTION OF A GENERATING,
, . TUBE TO THE UPPER DRUM,

fixed in position by slightly

expanding the tube.

On the occasion of an

accident to the upper drum
of the Chevalier, in 1894,

caused evidently by short-

ness of water, this form of

joint proved, in a remark-

able manner, its ability to

withstand rough treatment. Fig. 193.

The drum was permanently

enlarged (on one side only), where perforated by the

tubes, in such a way as to form a longitudinal pocket, the
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plates being about an inch out of the true cylindrical form.

All the tube-holes became oval, with the major axis

transversal to the boiler. The cones and nuts remained

in place, and all the joints held well.

In some of the boilers the coned joints have been

replaced by the ordinary expanded tube joints.

142. Normand Boiler. The part taken by M. Normand
in the successive improvements of the Du Temple boiler,

from the time when he commenced to adopt it in place of

locomotive boilers for his torpedo-boats, may be shown by

comparing the two Figs. 189 and 194. The latter represents

the Du Temple boiler as constructed by M. Normand for

the Flibustier, the Ariel, and torpedo-boats 186 and 187,

and is appropriately called the Du Temple-Normand boiler,

from which the later types of the Du Temple boiler,

Figs. 190 and IQOA, are evidently derived.

M. Normand, applying to his work the methodical care

and attention to detail which have gained for him such a

high reputation as an engineer, designed several new and

original types which retained, however, the general arrange-

ment of the Du Temple boiler, while embodying some of

the features of the Thornycroft boiler, with this important

difference, that the current of hot gases has a horizontal

instead of a vertical direction.

The first point to which M. Normand directed his

attention was the shape or form given to the generating

tubes, which he simplified by discarding the lower folds

a relic of the Sochet boiler. His tubes are only curved

sufficiently to give them the required elasticity, and to bring
their ends normal to the tube-plates.

In order to make the passage of the gases amongst the

generating tubes of sufficient length, M. Normand gives

them a longitudinal direction. With this object he designed
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in 1890 and 1893 two different arrangements to suit the

varying position of the funnel (Figs. 195 and 196).

When the funnel is towards the front of the boiler, as

on the Aquilon, the flames pass first to the back of the

furnace where they split up and return towards the front,

FORBAN. AQUILON.

Fig. 195. Fig. 196.
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front, the back of the furnace being completely closed by
a fire-brick partition; the hot gases therefore first pass

towards the front, where they split up and return along
the flues, formed by the generating tubes, to the back of

the boiler from whence they escape into breeches-shaped

smoke-boxes. This form of boiler, in contradistinction to the

foregoing one, is known as the ' 'direct- flame
"

type a

purely conventional term, as both types are in fact "return-

flame," but the "return" is not so complete in the case

of the "direct" type, and, moreover, its direction is reversed.

The boilers are similar in other respects, except as regards
the positions of the furnace and ashpit doors.

M. Normand usually prefers the " return - flame
"

type,

and his opinion is confirmed by the results obtained on

the Infernet. Some engineers object to the "direct-flame"

type even though it has the advantage of bringing the up-
takes and the funnel to the back of the boilers. On the

other hand, the "direct-tube" type gave very good results

on board the Chateau-Renault.

In Figs. 197 and I97A, the transverse section is applicable
to both types, and the longitudinal section to the "direct-

flame" type only.

The two outside rows of tubes form a "
tube-wall," thereby

protecting the boiler casing, and forming a water -wall

around the hot gases.

Some of the various arrangements adopted to direct the

current of hot gases deserve notice. The two inner rows of

tubes forming the tube-walls, and which constitute the side

of the furnace, are so arranged as to touch each other just
underneath the upper barrel, and thus form an arch or

vault over the fire-grate. Fire-bricks are placed just above
where the tubes approach one another to prevent the flames

touching the upper drum.

The flames, before reaching the end of their passage

along the bank of generating tubes, are deflected down-
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wards by baffle plates, called by M. Normand "hanging

bridges," under which they have to pass before entering

the smoke-boxes, instead of escaping directly from the top.

In the " direct-flame" type (Fig. 197), these baffles are

placed in line with the fire-brick partition forming the

back end of the furnace.

The passages in the internal tube-walls, through which

the hot gases from the furnace enter the nest of tubes, are

formed by leaving spaces, or interstices, for a portion of

their height in the two rows of tubes forming the internal

wall. Where these spaces are left, the tubes have some-

times been slightly reduced in diameter so as to offer less

obstruction to the entry of the gases.

The new boilers made for the Forban at the Du Temple
works embody the advantages of the " return-flame

"
boiler

of the Aquilori) having the funnel at the back of the boiler,

and thus avoid any radiation of heat into the stokehold

from the uptakes. In this type the gases after returning

through the nest of tubes, take a course towards the back

of the boiler between a wall of tubes and the casing (see

Figs. 198, igSA). This arrangement, which is due to

M. Soude, though favourable to the total efficiency, did not

improve the efficiency of combustion or diminish the deposits

of soot, or effect the suppression of smoke. To effect this

the unrestricted path or passage of the gases ought to have

been arranged for on the inside next the fire, and not on

the outside, so that combustion would have been complete
before the flames entered the nest of tubes proper.

Normand boilers are usually fitted with tubes of

i. iS ins. external diameter and .098 in. thick, the tubes

forming the tube -wall being increased in thickness to

.118 in. Sufficient elasticity is thus procured to avoid

any straining of the tubes where they enter the tube-plates.

The drums have sufficient thickness where the tubes enter

them to allow of their being properly expanded. Where
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there are no tubes the thickness of. the plate is reduced by

planing.

These details show the care taken to ensure satisfactory

working and high efficiency. There are still others worthy
of note. Thus, openings for the entry of air above the

grate are provided both at the front and back. Those at

the back are made in the brickwork forming the back or

end of the furnace
;

it is for this reason that the space at

the back of the brickwork is kept clear by making the

smoke-box of "breeches" shape. The air admitted at the

front is first warmed by passing between the front casing
of the boiler and the brickwork forming the front end of

the furnace. The ashpan is open at both ends, the door

at the back being worked from the front of the boiler.

The boiler as now constructed has been developed from

the earlier types by a series of careful experiments, those

made by M. Normand about the year 1894 being especially

interesting.

His first boilers were fitted with brass and copper tubes

with the object of increasing their durability. The three

rows next the fire were of brass and the remainder of

copper. These metals, however, proved unsatisfactory.

Brass tubes in particular are, owing to the method of

manufacture, full of small cracks which pass unnoticed

when subjected to external pressure, but render the tubes

unfit to stand internal pressure. M. Normand now uses

only iron tubes, which he prefers to steel ones. The iron

used must be soft iron, which may easily be mistaken for

soft 25-ton steel. Some Swedish steels answer the purpose

very well both as regards composition and homogeneity.
M. Normand at first found it difficult to provide sufficient

heating surface. The great reduction in the lengths of

the tubes, following the abandonment of the folds, necessi-

tated an increase in their number, but there was not sufficient

room on the top drum to accommodate their upper ends,
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f-t

3
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which M. Normand considers should be below the water-

level, and not above, as in the earlier Thornycroft boiler.

The ends of the three outside rows of tubes were, however,
above the normal water-level, but without being in any way
bent downwards, so as to avoid the formation of air-pockets.

He thought it necessary to protect the portions of the tube

above the water-level by a baffle plate, but this precaution is

perhaps superfluous. The length of the present boilers

enables a sufficient number of tubes to be used, all of which

enter the upper drum below the water-level.

As good examples of M. Normand's boilers, those of the

Forban and the Pique may be cited, their principal particulars

being as follows :
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"Cyclone" type having the following dimensions per

boiler :

Orate area . . . . . . . . 57'88sq. ft.

Heating surface ...... '2357 '4 ,,

Ratio l4- ....... 4072
Lr.b.

Weight of one boiler including all fittings lagging,

etc., and casing up to centre of top drum . 12 '20 tons

Water 275 ..

Total 14 -95 tons

The Du Temple and the Normand boilers on board

torpedo-boats have given rise to serious mishaps, nearly

always due to the lowering of the water-level, but luckily

unaccompanied as a rule by any fatal accidents to the

stokehold staff. In the recent accident on Torpedo-boat
No. 208, without the stokehold staff being aware of it,

a tube burst, and, while the hatch was open, a stoker opened
a fire-door, with the result that he was badly burnt by the

back rush of the flame, and subsequently died of his

injuries.

143 The Application of Du Temple Type boilers to large

ships. Normand-Sigaudy and Du Temple-Guyot boilers. M.

Normand having arrived by successive improvements at a

type of boiler which, though not final, is undisputably

superior to the original Du Temple boiler, considerable

advantage should certainly be derived from its more general

employment on larger ships. Single- or double-ended

boilers might be used according to circumstances, the

latter enabling a slight saving in weight, and space occupied,

to be effected. The double-ended boiler which M. Normand

has introduced in collaboration with M. Sigaudy of the

Compagnie des Forges et Chantiers de la Mediteranee

(Havre), is composed of two Normand boilers placed back

to back, with the barrels common and continuous.

The two types return-flame and direct-flame form



442 MARINE BOILERS [CHAP.

two kinds of double-ended boilers as represented by Figs.

199 and I99A, which are taken from the drawings accom-

panying the application for the patent. These figures are

sufficiently clear, and nothing need be added to the descrip-

tions given of the single-ended boilers. In the return-flame

type (Fig. I99A), the smoke-boxes are sometimes placed

NORMAND-SIGAUDY BOILERS.

DIRECT-FLAME TYPE.

Fig. 199.

RETURN-FLAME TYPE.

Fig. 199 A.

on the front and sometimes on the sides, according to the

space available. In the direct-flame type (Fig. 199) the

smoke-boxes naturally lead to a common funnel in the

centre of the boiler. In both cases a clear space is left

between the back ends of the furnaces for the admission of

air above the grates.
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The only difference due to the mode of coupling the

boilers together is in the reduction of the down-take tubes.

The direct-flame type has its downtake tubes at the ends,

the return-flame has them at the centre between the two

furnaces. This difference is caused by the upper reservoir

JEANNE D'ARC.

DU TEMPLE-GUYOT BOILER PROPOSED BUT NOT FITTED.

Half section. Half elevation.

Fig. 200.

Working pressure
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of the direct-flame boiler having a reduced portion at the

middle of its length, so as to offer the least possible obstruc-

tion to the passage of the gases through the uptakes.

The advantages possessed by double-ended boilers are

Half longitudinal section. Fig. 200A. Half elevation.

Fig. 200B.

not so great in the case of tubulous as in that of cylindrical

boilers, because the saving in weight is much less. On

the other hand, their use presents no disadvantages except

that in the event of damage to any of the parts under

pressure in one half of the boiler, the whole boiler would
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be disabled
;
both portions of the boiler have in all cases

separate uptakes, and may even be worked at different

rates of forcing. Precautions should be taken to prevent
excessive changes in the water-level, due to the pitching
or rolling of the vessel, as the top drums are often over

19 ft. long. Lastly, the successful application of boilers

of the Du Temple class to large ships, depends, as in

all types of tubulous boilers, on the satisfactory solution

of some general problems, such as regularity of feed-

supply, etc.

As examples of double-ended boilers may be mentioned

those of the Du Temple-Guyot type (Fig. 200), adopted
for the Jeanne cTArc at the end of 1895 and constructed

at Indret, and the Normand - Sigaudy boilers (Fig. 201 A,

Half-section on AB.

Fig. 201 B.

Working pressure .
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20 IB), adopted in 1896 for the Chdteau-Renault, constructed at

Havre.

In the original designs of M. Sigaudy, a difficulty arose

in making the bottom reservoirs in one piece, and it was

difficult, with bolted collars between them, to fit them on board

with the care that was necessary to ensure tightness. On
the Chdteau-Rhiault the bottom collectors were kept separate

JUNCTION OF THE LOWER COLLECTORS.

Fig. 202.

for each boiler and bolted up as shown in Fig. 202. Hence, as

far as the bottom drums are concerned, the boilers are really

simple Normand boilers. On the Jeanne cPArc, the problem

was solved by using single-ended boilers only. The boilers

of the Du Temple type have undergone certain modifica-

tions, when applied to larger vessels, the diameter of the

generating tubes being in general slightly increased. For

instance, on the Chdteau-Renault, Montcalm, and Jules Ferry,

they were 1.416 ins. in diameter and .118 ins. thick, which

allowed for sufficient flexibility. The sills of the fire-doors

have been lowered so as to permit of the fires being

thoroughly cleaned. This is not such an important matter

on torpedo-boats and the like, but on large boats, such as

cruisers, it is an absolute necessity.

Normand boilers have been thoroughly tested in service

on the two cruisers D'Estrees and Infernet with good
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results. The figures obtained on the trial trips are given
below :
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The calorific value of the coal was calculated for determining

the efficiency, and was 16,200 thermal units. Baffle-plates

were fitted to the boilers used on these trials. At Indret the

casings are so constructed that these baffle-plates can be

easily inspected and renewed, and they are particularly useful

on Du Temple-Guyot boilers of large size.

1 44. Rapid Introduction of Boilers of the Du Temple Type.

The satisfactory results obtained in France with the Du

Temple boilers on board torpedo-boats lead to their rapid

introduction in other countries. In England, where perhaps

some reminiscences of the Goldsworth-Gurney boiler,*

patented in 1827, may have survived, Mr Thornycroft

anticipated M. Normand, and was closely followed by Mr

Yarrow, and a number of other engineers again followed

them. When the British Admiralty in 1894-5, who up till

that time had not had many torpedo-boats, decided to order

a hundred torpedo-boat destroyers, the construction of this

type of boiler received a great impetus, and the number of

different types brought out was considerable. The Admiralty
fitted the Normand type of boiler to the Pelorus with satis-

factory results. On the larger class of ships, for the next

four or five years, the Belleville boiler was almost exclusively

fitted, but the feeling against the small tube boilers now

appears to have diminished, and they have been fitted in

fairly large numbers on the Proserpine and the Bellona types.

The Naval Authorities in Washington have been slow

in creating a fleet of torpedo-boats, and hence the develop-
ment of this class of boiler has been slow. They are

now making up for lost time, and all the American torpedo-
boats have been fitted with boilers with accelerated circula-

tion
;
their use has even extended, as in England, to large

vessels. In Germany, Schichau, who was for a long time

*
See Seaton, "Manual of Marine Engineering," p. 398 of i5th Edition

1904. See also "Water Tube Boilers," by the Editor, p. 6.

2 F
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faithful to the locomotive boiler, has now adopted boilers of

the Du Temple or Normand type, and has further intro-

duced them into other navies, such as the Italian Navy, for

which they were in the habit of building. The German

Imperial Navy has not been backward in following the

general movement and has fitted this type of boiler on all

their recent boats, whether cruisers or battleships. The

number of Schulz boilers fitted to this class of boat far

exceeds what was done in France six years ago with the

Du Temple, Normand, or Guyot boilers for the Jeanne a
1

Arc,

Jurien, and cPEstrees. The Dutch Navy has during the last

few years adopted one type of boiler with accelerated circula-

tion, to the exclusion of all others, thus realising the very

desirable object of having all the boilers of one type. Careful

investigation, assisted by the systematic experiments which

have been conducted for some time past in the private yards
of England and Scotland by Messrs Yarrow, Thornycroft,

Watkinson, Weir, and others, have somewhat reduced the

lead secured by the French about 1895. New types are con-

tinually being brought out embodying sometimes real

progress. The complete history of boilers with accelerated

circulation, attributing to each inventor the improvement
introduced by him, would be as difficult as the history of

the Belleville or Niclausse boiler is simple. The results

achieved are rarely obtainable with any completeness, and

have had mainly to be extracted from English periodicals.

145. Early Types of Thornycroft Boiler. This boiler,

introduced in 1885, is well known in the French Navy,

having been fitted to several torpedo-boats, the Coureur

(built by Messrs John I. Thornycroft & Co.), the Veloce,

Grandeur, Eclair, Kabyle, Orage, torpedo-boats Nos. 164,

165, 166, and the gunboats Argus and Viligante. The

characteristic feature of the early type consists in the form

given to the generating tubes (Fig. 203). These are very
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EARLY TYPE THORNYCROFT BOILER FOR THE
V&LOCE AND GRONDEUll.

To face p. 451.
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long ;
their upper ends are connected to the upper part of

the steam drum or separator above the water-level, and

the tubes are curved in such a way as to form a complete

arch over the fire-grate.

EARLY THORNYCROFT BOILER (SPEEDY TYPE).

Fig. 203.

Plate IV. illustrates a boiler, with casing removed, built

under the supervision of the Editor for the Veloce and

Grandeur at Havre, having the following dimensions :

Tube Surface ....
Grate Area ....
Weight, complete with casing, dry
Water

Total

2,400 sq. ft.

38 ,,

9'0 tons

1-4 ,

10-4 tons

I.H.P. with T.S.E. engines 800
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Tube-walls are formed on the insides and outsides of

each bank of tubes, leaving long triangular spaces at

the bottoms of the internal, and at the tops of the external,

tube-walls for the free passage of the hot gases. The

gases thus follow the course of the tubes throughout the

whole of their length.

This arrangement gives a very large heating surface,

varying from 52 to 72 times the grate area. It may be

pointed out that permitting the gases to follow the direc-

tion of the tubes is not so efficient as forcing them

to cross the tubes; but in adopting, and retaining it, Sir

John Thornycroft had more particularly in view a mode of

circulation which he regards as very advantageous.
From observations made with a separator provided

with glass sight-holes, it appears that, with tubes delivering

above the water-level, the circulation, though it may be

intermittent, is always in one direction.

With tubes having their upper ends submerged, the

movement is, on the contrary, oscillatory, the escape of

a puff of steam being followed by the entrance of

water to fill the space left vacant. The result of this is

that in the Thornycroft boiler there is a marked reduction

in the resistance offered to the circulation, which more

than compensates for the slight loss of head, equal to the

height of the orifice of each tube above the water-level.

From approximate measurements of the velocity of the

water in the downtakes Sir John Thornycroft showed ex-

perimentally that the weight of water in circulation in his

boiler is equal to 104 times the weight of that evaporated,

whilst with submerged tubes it was only 50 times that

weight. However this may be, there can be no doubt

that the movement is, without exception, in an upward direc-

tion in all the tubes of a Thornycroft boiler, and that the

water is returned entirely by the large external downtakes,

the cycle being irreversible.
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Sir John Thornycroft considered that the above-water

discharge reduces the risk of priming. On this point

experience has not yet enabled any exact conclusions to be

arrived at. The Du Temple and Normand boilers prime but

little. On the other hand, the Thornycroft boilers of the

Speedy primed during trial
;
but this priming was probably

largely due to the bad quality of the water used for "make-

up." The mixture of water and steam issuing from the

generating tubes is projected against baffles so arranged
as to prevent the water being carried along by the steam,

in a somewhat similar manner to the Belleville separators.

The fear of overheating the portions of the generating
tubes above the water-level has given rise to some prejudice

against the Thornycroft boiler. This fear is unfounded,

as, while at work, there is water throughout the whole

length of the tubes. In an accident on the Coureur the

upper portions of all the tubes were melted
;

but there

had evidently been a failure in the feed supply. This was

also the case on the Averne, where the lower portions of the

tubes of a Du Temple boiler were also burnt out. A better

founded objection is the impossibility of completely filling

the tubes with an alkaline solution in order to prevent
internal corrosion when the boiler is laid up.

The tubes are of solid drawn steel and are merely

expanded in the tube-plates. They are galvanized in

order to protect them from corrosion. The zinc soon

disappears in service
;
on the Speedy it was remarked that

its disappearance coincides with the presence of an explosive
mixture inside the empty boiler, but no satisfactory explana-
tion of this phenomenon is yet forthcoming.

Galvanizing has the advantage of rendering very apparent
the slightest defects in the steel, and thus facilitating the

examination of the material
; this of itself is a sufficient

reason for the adoption of the process.

The lower ends of the tubes were sometimes reduced
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in diameter so as to cut away as little as possible the

plates forming the lower barrels.

The type of boiler represented by Fig. 203 has been

fitted to some vessels of moderate size, such as the Speedy,

a boat of 800 tons, which carries eight of these boilers.

Experience gained on this ship has brought into prominence
the advantages of automatic feed regulators where several

boilers are coupled together. The Thornycroft feed-water

regulator has a counterpoise, being in this respect similar

to the Belleville, but it is entirely contained inside the

steam-drum, as described in paragraph 188.

The leading particulars of the boilers of the Coureur

and the Speedy are as follows :
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several boilers. The first ships fitted with this new boiler

were the two small Danish cruisers, the Geiser, 1,260 tons,

and the Skjold, of 2,115 tons. They have also been fitted

to about 38 English torpedo-boat destroyers, Daring,

Desperate, etc.
;
the third-class cruisers, Proserpine, Perseus,

Prometheus, Psyche, Pandora, Pioneer, each of 7,000 I.H.P.;

the Barham and Bellona, each of 6,000 I.H.P. They have

also been fitted to large boats in the Austrian and German

Navies.

The following data are obtained from the official trials

of recent torpedo-boat destroyers fitted with Thornycroft

boilers :

Boat
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takes are distributed over the length of the boiler in the

space between the two sets of generating tubes, an arrange-

ment which permits of an excellent circulation.

In this design each element is heated by two furnaces,

and each furnace serves for two half elements. The grates

at the ends of the group (which only serve one half element)

are smaller than the rest, and the outside of the furnace

is formed by a tube-wall, the tubes of which are connected

at their lower ends to a small barrel or wing-tube.

Fig. 204.

This arrangement for grouping the Daring type of

boiler shows an economy of weight over the Speedy type.

The disadvantages of a boiler of several elements are

that in case of accident to one of the elements, such as

the bursting of a tube, the whole group is filled with steam,

all the furnaces being in communication. It would then,

presumably, be necessary to draw the whole of the fires

in the group in order to replace the defective tube an

operation at times of rather long duration.
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The three boilers of the Daring have a total grate area

of 189 sq. ft. The heating surface is forty-two times the

grate area. On a full-speed trial, when 29.268 knots were

recorded, the air-pressure in the stokeholds was 3.15 ins.

and the horse-power 23.5 per sq. ft. of grate. The boilers

were found to work satisfactorily.

The Desperate, which has likewise three boilers, has

attained a speed of 30.006 knots, while developing 5,800

horse-power. At this rate of forcing, the consumption of

coal per horse-po\ver was 2.48 Ibs.

A boiler of the Daring type was carefully tested in 1888

by Dr (now Sir Alex.) Kennedy ; complete results of these

tests are given in the "
Proceedings of the Institution of

Civil Engineers," Vol. XCIX.
Under conditions very nearly approaching those of

practice, one of the Bellona's boilers was tested on shore

in 1897 by the Admiralty, and gave the following results :

Grate area

Heating surface

Ratio H.S. to G.S.

Weight of boiler dry
Weight of water
Total weight .

Weight per sq. ft. of grate
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of the large number of boilers in service, the results on

the whole must be considered satisfactory. There are

more than 40 torpedo-boat destroyers in the British Navy
fitted with this type of boiler, and the number of boilers

fitted in other navies, especially in that of the United

States of America, is very considerable.

The advantages to be derived from making the

generating tubes discharge above the water-level has always
been contested. Mr Watkinson in particular has made

tests on this subject by testing two similar models, one of

the Thornycroft and the other of the Normand type. The

models had 12.9 sq. ft. of heating surface and evaporated

10.8 Ibs. per sq. ft. of H.S. per hour.

These tests showed that the circulation in the Thornycroft

boiler was nothing like double that of the Normand boiler.

The results proved that once the circulation was thoroughly

established, it was much the same in both types. The great

objection to the early Thornycroft type lay in the fact

that when the boilers were laid up it was impossible to

fill them entirely with an alkaline solution. This led Sir

John Thornycroft to adopt the drowned generating tubes

described in paragraph 147.

Several others appear to have copied Sir John Thornycroft

in using unsubmerged tubes.

146. Early Types of Schulz Boiler, Mosher Boiler, and

Symon-House Boiler. Among those who have followed

Mr, now Sir John, Thornycroft in the use of unsubmerged
tubes delivering above the water-level, one of the principal

is Mr Schulz, of the Germania shipbuilding yard. This

type of boiler was adopted by the firm of Schichau when

they gave up the use of locomotive boilers. The early form

of Schulz boiler is very similar to the Daring type. Instead

of two nests of tubes, the small side-drums have five rows

of tubes forming two tube-walls with a row of tubes in.
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the middle. The diameter of the side-drums have been

slightly increased over those of the Daring type. These

boilers have been fitted on the Dardo and Lampo of the

Italian Navy.
The Mosher boiler, of American origin, is represented

by Fig. 205, and somewhat resembles the Daring type,

MOSHER BOILER.

Fig. 205.

but with this difference, that there is one grate for two

elements instead of two grates for one element. In case

of accident to one of the elements the other can be kept

at work, but at the expense of burning the tubes of the

first
;
this is a point of some importance in boats having

only one boiler.
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The ends of the furnace are formed by a tube-wall, as

may be seen in the figure.

The Mosher boiler has been fitted to several yachts
and to the second-class torpedo-boat carried by the ill-

fated battleship Maine. At the Chicago conference the

inventor gave the following as the result of an eight-hours'

MOSHER BOILER (LATEST TYPE).

Fig. 206.

natural draught trial, burning Pocahontas semi-bituminous

coal.

Coal per sq. ft. of grate per hour . .7*1 Ibs.

Water evaporated per Ib. of coal . . 9'12 ,,

Air supplied per Ib. of coal . . . . 304 cub. ft.

Temperature of gases at base of funnel ~" r

_ . 442 Fahr.

Draught at base of funnel . . 3 in.

Wetness of steam as measured by calorimeter . 1
-5 per cent.

Percentage of ashes . 7
, ,

Quantity of water evaporated in the ashpans during
the whole trial . , . , . . , 99 '2 lbs

t
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The principal dimensions of the boiler were :

Grate area 33 sq. ft.

Heating surface . . . . . . . 1,108
Ratio of grate to lieatiug surface . . . 33 "6

Load on safety valves 185 Ibs. per sq. in.

Particulars of the heat losses in this boiler have pre-

viously been given in paragraph 67.

SYMON-HOUSE BOILER.

The latest type of Mosher Boiler with four drums is

shown in Fig. 206.

The Symon-House boiler, which is specially intended
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for use with petroleum fuel on small boats and launches,

is very similar to one of the elements of a Daring type

boiler, with the furnace placed between the two banks of

tubes, instead of being outside. The flames pass three

times over the tubes, which are bent to a double S shape.

The particular form given to the bottom reservoir, shown

in Fig. 207, is for the purpose of accommodating the

propeller shaft, the engine being
forward of the boiler.

The tubes are of copper, and

are attached to the reservoir through
the medium of Delta metal nipples

screwed into the walls of the

latter, as shown in Fig. 2O7A.

The joint faces are conical and

held tight by a nut. Owing to this

Fig. 207A. form of connection the tubes can be

very quickly attached or detached ; the shape of the bottom

chamber would make it difficult to use the ordinary

expanded joint.

The weight of a Symon-House boiler suitable for a

20 horse-power engine is

Without water or mountings .

Without water, but with mountings .

With water and mountings

238 Ibs.

300
337 ,.vviui waiei auu mountings . . ._ . . o<

being an average weight of 18 Ibs. per horse-power.

147. New Type of Thornycroft and Schulz Boilers. The

latest type of Thornycroft boiler resembles in general

arrangement the Daring type, but the non-submerged tubes,

the characteristic feature of the early boilers, have quite dis-

appeared. There are two furnaces, three bottom drums, and

one large top one, and three nests of tubes as shown in Fig.

208. The central nest of tubes is divided in two by a space,

which is not traversed by the flames, and here the down-
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comers are situated. The two side drums whose diameter

has greatly increased over those in the early types are

supplied by a large down-comer on the front, as in the Du
Temple, Normand, and other types of boilers. All the tubes

from the central nest and most of those from the side nests

deliver below the water-level. The course of the gases
is indicated by arrows in Fig. 208.

The new type of Thornycroft boiler has again been closely
followed by Mr Schulz, and is shown in Fig. 209. It differs

THORNYCROFT-SCHULZ BOILER.

Fig. 209.

slightly from the new Thornycroft type in the side nests of

tubes
;
the flames first pass through half the central nest, and

then twice through the side nest as indicated by the arrows.

This type of boiler is now known under the name of Schulz-

Thornycroft or Thornycroft-Schulz. When it was decided

to adopt tubulous boilers in the German Navy, in the case

of battleships, for one-third of the total boiler power, and in the

case of cruisers and the smaller classes of ships for the

whole of their power, the largest share fell to the Thornycroft-
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Schulz boiler working in conjunction with Belleville,

Niclausse, and Diirr boilers. The three types of Thornycroft,

Schulz, and Thornycroft-Schulz boilers have been fitted on

the four cruisers of the Kaiser class, five of the Wittelsbach

class, on the Aegir and six coast defence vessels of the Beowulf

class, on a 20,000 H.-P. cruiser, one of n,ooo H.-P., and

ten from 7,000-8,000 H.-P. They are already in service on

the cruisers Ariadne, Niobe, Nymph, and on the gunboats of

the Iltis class. Probably all the torpedo-boats and torpedo

destroyers built by Schichau have the new type of Schulz

boiler. In the British Navy a number of the new type of

Thornycroft boiler have been installed on a vessel of

18,000 H.-P., on several of 7,000 H.-P., and on many
smaller boats. This type of boiler is to be found in the

United States Navy on the cruisers Ohio, Missouri, on

the monitor Arkansas, on about sixteen torpedo-boat

destroyers, and on ten torpedo-boats ;
in the Russian Navy on

the Askold and the Novik
;
in Spain on the Estramadura

;

in Denmark on the Herluf-Trolle, besides in the Navies of

numbers of small countries.

Plate V. illustrates a Daring type Thornycroft boiler (with

casing removed), and having the following dimensions :

Tube Surface 4,040 sq. ft.

Grate Area ...... 67 ,,

Weight, dry ..... 17 '5 tons

Water 3'2

Total . 207 tons

I.H.P 1,875

In July 1901 a bad accident occurred on one of the boilers

of the Ariadne, in the lateral nest of tubes at the upper tube-

plate of the central drum. Thirty-nine tubes were blown

completely out of the tube-plate, and twenty-six nearly so,

and five were forced inwards. There was a violent escape
of steam and six men were injured, two seriously. This

.? Q
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was the first accident on board a big vessel with a moderate

rate of combustion, and is the first accident of this gravity
since the introduction of the Du Temple boiler, and shows

that the inventor's screwed joints were not without their

purpose. The cause of the accident on the Ariadne has not

been made public. If there was no shortage of water, then

there must have been either unequal expansion or the tubes

had not been properly expanded. The pressure was only
210 Ibs. The diameter of the generating tubes on the

Schulz boiler is from 1.378 to 1.575 ins -> the thickness

is .138 in., which makes them stiffer than usual. It is

not clear to which type of Schulz boiler that of the

Ariadne belongs. Another accident occurred recently on

one of the boilers of the Aegir, where a tube burst, injuring

four stokers.

148. Weir Boiler. The Weir boiler utilises more

efficiently than either the Normand or the Guyot boilers, and

even more effectively than the Scotch boiler itself, the

horizontal course of the gases. The furnace is formed by
a complete arch of tubes interspersed with fire-bricks until

the bridge is reached. The flames return from thence

immediately above the tubes forming the arch in a kind of

secondary combustion-chamber, and then enter the nest of

tubes at the bottom (see Figs. 210 and 2ioA).

In order to profit by the favourable conditions for complete

combustion thus obtained, large air inlets controlled by doors

are fixed at the back of the bridge. When these are opened
there is an entire absence of smoke. After a month's con-

secutive trial on Messrs Weirs' shop boiler there was only a

very slight deposit of soot on the tubes. The draught was

good, but the class of coal used during this period was poor.

The entire absence of smoke must no doubt necessitate an

excess of air and a consequent reduction in heat efficiency.

The efficiency, however, is very satisfactory, as indicated
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by the following results of tests made on the boiler men-

tioned above.

Nature of draught
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210 to 29.8 tons, of which 7.36 is for fire-brick, but without

water, uptake, funnel, or spare gear, etc. With 6.06 tons

of water it makes a total of 35.86 tons or 0.725 tons per square

foot of grate, a figure very close to that found for an ordinary

double-ended cylindrical boiler. If built double-ended, Mr
Weir gives the weight as 0.568 tons per square foot of grate.

The space occupied by the boiler is 4.38 sq. ft. per square

foot of grate for the boiler shown in Fig. 210.

EVAPORATIVE TRIALS OF WEIR WATER-TUBE BOILER.

HEATING SURFACE 2,190 SQUARE FEET.

Arrangement of boiler
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149. Yarrow Boiler. Amongst the numerous types of

recent origin, the Yarrow boiler is possessed of characteristics

no less original than those of the Thornycroft, but of

YARROW BOILER OF ALUMINIUM TORPEDO-BOAT C.

Fig. 211.

quite a different nature. Its chief characteristic is its

extreme simplicity and lightness.

Fig. 2 1 1 represents the boiler of a small torpedo-boat

ordered by the French Navy for the Foudre. The tubes

are all in a straight line from one chamber to the other
;
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their lower ends are expanded into a thick flat plate, and

their upper ends into a cylindrical barrel, the plates of

which are increased in thickness where perforated by the

tube holes, so as to allow of the tubes being well expanded.
The three chambers are each in two parts with external

flanged and bolted joints. Access to the whole of the

tube ends is at once obtained on removing the outer

segments. The tubes can be cleaned and examined internally

YARROW BOILER.

Scale ^

Fig. 212.

with the greatest facility ;
in an emergency Mr Yarrow

effected the replacement of a tube in forty minutes.

In large boilers upper barrels with bolted joints could

not be constructed capable of supporting the pressure, and

so they are made with the usual riveted joints, and in

consequence lose the advantages possessed by the divided

barrels
;
but this is not of much importance as their large size

permits of ready access for the examination and replacing

of the tubes. The bottom drums are also made of two
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different thicknesses of plate riveted together as shown in

Fig. 212 illustrating the type of boiler used for large war-

ships. The tubes, owing to their form and arrangement, are

extremely easily inspected.

The straight form of the tubes greatly reduces the

number of "spares" required and facilitates the replacing

of a tube afloat.

Another simplification adopted by Mr Yarrow is the

abandonment of large external downtakes. The circulation

takes place entirely in the banks of generating tubes, a

feature which places the Yarrow boiler somewhat behind

the group of those with accelerated circulation, in spite of

its evident analogy to the Du Temple and similar types

of boiler. Mr Yarrow was led to this arrangement by the

results of the curious experiments upon the circulation of

water, explained in paragraph 136. He demonstrated that

when getting up steam the water in certain tubes would

ascend while in others it would descend, and that the

circulation thus started would be maintained in the same

direction in a permanent manner by reason of the laws of

distribution of temperature in a heated circuit, and that

therefore downtakes were unnecessary. It should be noted

that the observations made by Mr Yarrow, and the con-

clusions drawn therefrom, are only applicable to straight

tubes offering but slight resistance to the movement of

their contents.

The suppression of the downcomers is, however, of interest

in boilers of the Du Temple type, and the reasoning in the

one case would be similar to that in the other, except that

the curved tubes would offer slightly more resistance than

the straight ones. M. Brillie has considered the subject

from a theoretical point of view, and has designed a boiler

which is referred to in paragraph 156, but which has not yet

received a trial on a practical scale. Mr Yarrow has sectioned

off two or three of the external rows of tubes by means
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of a small baffle-plate in the bottom drum, and into this

space the feed water was fed
;

the tubes thus sectioned off

formed practically a feed heater, and Mr Yarrow claims an

increased efficiency of 5 to 7 per cent, for this arrangement.

It has the objection in common with all economisers of expos-

ing one particular section of the boiler to excessive wear.

The course of the gases is across the tubes, and though
the shortness of the travel is not conducive to a high thermal

efficiency, the large volume over the furnace makes a high
total efficiency possible. Results of actual evaporative tests

do not, however, appear to have been published, but the

results of the following eight hour tests, carried out on one

of the nineteen Yarrow boilers for H.M.S. Warrior under

the supervision of Admirality officers, and kindly supplied

to the Editor by Mr Yarrow, are of interest.

Coal per sq. ft.

of grate surface

per hour.
Lbs.
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copper alloys at high temperatures, or perhaps simply

owing to the difference in cost.

The great defect of the Yarrow boiler is the want of

flexibility in the tubes, which necessarily tends to start the

joints in case of unequal expansion. Mr Yarrow states,

however, that the joints, when properly expanded into

plates of increased thickness, never show the slightest

leakage.

One of the eight boilers of the Hornet was submitted to

the following severe tests before being placed on board.

Pressure was got up in twenty -two minutes by forcing

the draught to a pressure of 3^ ins. of water
;
the boiler was

then worked for thirty-eight minutes, when the fires were

suddenly drawn, the fire and ashpit doors being at the

same time thrown open to the cold air. No trace of injury

was observable. This test was severe, but the cooling

effects were the same on all the tubes simultaneously. A
more convincing fact is the extended adoption of the Yarrow

boiler on the English torpedo-boat destroyers, and, as one

of the results of the recommendations of the Committee on

Naval Boilers (see Appendix), on a number of large war-

ships. Besides the Hornet, this boiler was adopted for the

Salmon and the Snapper, by Earle's Shipbuilding Company,
Hull

;
the Hardy and Haughty, by Messrs Doxford, Sunder-

land
;
the Opossum, Ranger, and Sunfish, by Messrs Hawthorn,

Leslie, & Company, Newcastle-on-Tyne ;
and the Spitfire and

Swordfish, built by Messrs Armstrong, Mitchell, & Company,
at Elswick, and a number of other small vessels.

The Hampshire, Antrim, Natal, Warrior, Achilles, and

Cochrane are to be fitted with one-fifth cylindrical boilers,

and four-fifths Yarrow boilers of the large tube type. The

third class cruisers Amethyst and the Medea, fitted with

Yarrow boilers, have been some time in service, and the

Shannon and the Defence, first-class cruisers of 27,000 H.P.,

are to receive Yarrow boilers exclusively.
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One of the earliest experiences gained was with the

Hornet^ where the Yarrow boilers were in competition with

the locomotive boilers of the Havock. The principal dimen-

sions of the Hornet's boilers, which might be compared
with those of the Speedy previously given, were as follows :

Number of boilers .

Total grate area

Total heating surface

Ratio of grate to heating surface

Total weight (water included) .

164-8 sq. ft.

8,216 ,,

49-8

43'1 tons.

per sq. ft. of grate area 0'262 ton.

In completing the comparison with the Thornycroft boilers

it should be noted that if the heating surface is relatively

less on the Hornet than on the Speedy, it is, on the contrary,

greater than on the Daring ;
on the other hand, the ad-

vantage of lightness is certainly less when compared with

the Daring than with the Speedy.

The Yarrow boiler has been fitted to a very large number

of torpedo-boat destroyers, gun-boats, and other smaller

craft
;

the most interesting installations, however, have

been in the Dutch, Austrian, Swedish, and Norwegian

Navies, amounting altogether to over 200,000 H.P. The
most powerful installations abroad are, one of 13,000 H.P.

for an Austrian cruiser; three of 14,000 H.P. for Austrian

battleships; 12,500 H.P. for the Don Carlos belonging to

the Portuguese Navy, and 12,000 H.P. for a Swedish

cruiser.

The general adoption of the Yarrow boiler in the Dutch

Navy merits notice. The Friesland, Holland, Zeeland, of

10,000 H.P., are fitted with one-fourth cylindrical boilers

and three-fourths Yarrow boilers. Owing to exceptional

circumstances, the Holland, on a slow-speed run to the

East Indies, consumed 2,400 tons of coal, about three times

the amount expected. The Utrecht, Gelderland, and Nord-

Brabant were fitted with Yarrow boilers only, as also the

four ironclads, De Ruyter, Hertog Hendrik, Tromp, and
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Koningin-Regentes ,
thus giving the Dutch Navy the ad-

vantage of using one type of water-tube boiler throughout
the service.

Plate VI. illustrates three Yarrow boilers built for the

Russian Training Ship Okean, and have the following

dimensions per boiler :

Grate surface . . . . . 60 sq. ft.

Heating surface . . . . 2,983 ,,

Ratio Mlf' .- . . 497
(jc.fS.

Weight, dry . . . . . . 17 '75 tons

Water . 375 ,

Total . 21-50

I.H.P. r
''

. .-. :. . 1,000

The Lagosse boiler, made in one of the French arsenals,

is an imitation of the Yarrow boiler, as the Schulz was

of the Thornycroft.
One feature worth noticing in the Yarrow boiler is the

entire absence of any tube-walls. The main features of

the group of boilers to be considered in the next paragraph
is their facility for replacing any tube in situ. After the

Thornycroft and Yarrow boilers, other English types of more

recent origin will be briefly noticed.

150. Blechynden Boiler. Fleming and Fergusson Boiler.

White Forster Boiler. Seaton Boiler. In the boiler constructed

by Mr Blechynden of Barrow-in-Furness, the same facilities

for withdrawing and replacing the tubes, as are obtained

in the Yarrow boiler with the upper drum in halves, are

secured, while permitting the use of a completely riveted

upper chamber. All the tubes are slightly curved to arcs

of different radii which converge to the same point on

the plates of the drum. At this point hand-holes are

arranged along the length of the boiler sufficiently close

together to allow of the introduction or withdrawal of any
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of the tubes, each one of which can thus be removed

independently of the others.

As in the Yarrow boiler, to which, on the whole, the

Blechynden bears a striking analogy, there are no external

downtakes, the water being supposed to descend by the

Fig. 213.

two outside rows of tubes, which form a tube-wall for the

protection of the casing, and which are further somewhat

removed from the banks of tubes.

This type has been adopted for the Sturgeon, the Skate*

and the Starfish, built by the Naval Construction and

Armaments Company (now Messrs Vickers, Sons, and
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Maxim) of Barrow, as well as for the two cruisers Pactolus

and Pomone of the Pelorus class, the machinery for which

was supplied by Messrs Penn.

The working pressure of the most recent Blechynden
boilers is 300 Ibs. per square inch for a pressure of 250

Ibs. at the engines ;
this large drop in pressure necessitates

the employment of a reducing valve.

The Fleming and Fergusson boiler (Fig. 214) has been

specially introduced for use in the merchant service, where

questions of maintenance, repairs, and renewal become of

vital importance, and where there is not sufficient room

around the boilers for withdrawing and replacing the tubes

of boilers of the Blechynden type. In order to perform

this operation within the limits of the boiler itself, the

lengths of the tubes have been reduced and the diameter of

the upper drum increased until the tubes can be wholly
withdrawn into it.

On account of its large diameter, an upper drum can

accommodate more than two banks of tubes. The inventors

have designed several types of boilers, some with the grates

running longitudinally, others transversely, some of the

boilers being single-ended and some double-ended, while

one upper drum is sometimes in connection with two, some-

times three, or even four lower drums.

A feature common to all the types is the increased spac-

ing of some of the tubes at their upper ends so as to allow

of the crossing of corresponding tubes in both banks, as

shown in Fig. 214.

The weight, at least equal to 0.685 ton per square foot

of grate area, is not below that of locomotive type boilers,

therefore the adoption of the Fleming and Fergusson boiler

would be determined by superiority in working and not by

any economy in weight.

Mr Samuel White of East Cowes, in conjunction with Mr

Forster, has brought out a boiler in which the withdrawal
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Fig. 214.
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Forster boiler resembles the Fleming and Fergusson boiler,

as also in the facilities it offers for the cleaning of the tubes

WHITE-FORSTER BOILER

FHOMT tuEVATICN.

Fig. 215A.

internally by means of a brush which can be worked from

the inside of the top drum. Large down-comers are fitted

at the back of the boiler.

2 H
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Fig. 216 illustrates an early type of boiler designed by
Mr White which was fitted to some torpedo-boats by the

British Admiralty, but

has since been abandoned

on account of the compli-

cated form of the tubes.

The length of the

tubes being the prin-

cipal obstacle to their

renewal, Mr A. E. Seaton,

of Hull, has designed a

boiler in which they are

divided into two portions

by an intermediate reser-

Fig. 216.

voir, into which they can be

withdrawn. The Seaton

boiler (Fig. 217) has the

form of an X. There are

two upper and two lower

barrels at the extremities of

the branches, the inter-

mediate one being at their

inter-section. Fig . 217.

The hot gases pass successively across two banks of

tubes, playing around the intermediate reservoir on their

way, and escape into the funnel by the space between the

two upper barrels.

The usual external downtakes connect the two upper
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drums directly with the lower ones. On each side is a

tube-wall for the protection of the casing. The tubes of

this wall are directly connected with the lower and upper

barrels
;
these tubes, which are, however, less exposed to

Fig. 218.

heat than the others, do not present the same facilities for

removal as those in the principal groups. The two upper
barrels are joined together by transverse tubes.

The Seaton boiler appears to fulfil, in a very complete



484 MARINE BOILERS [CHAP.

manner, all the practical requirements of a good marine

boiler, as regards maintenance and repairs. The presence

of the intermediate reservoir full of water must, however,

result in a substantial increase of weight.

151. Reed Boiler Mumford Boiler. The Reed Boiler

(Fig. 218) amongst all the English types is the one which

most nearly resembles the Du

Temple, having a transversal

movement of the hot gases,

and tubes discharging below

the water-level in the upper
drum ; the tubes are bent in

MUMFORD BOILER.

Fig. 219.

a manner recalling the zigzags

of the Sochet boiler. The

inside row of tubes is bent

into a wavy form, which is,

however, somewhat unfavour- Fi8- 22 -

able to the free escape of steam, and has been abandoned

in later boilers of this type.

Another analogy to the Du Temple boiler consists in the

use of screwed tube connections (Fig. 219), only the joint,

instead of being made upon a conical face and a plane face,

is made upon two spherical faces, which allows of a certain

angular
"
play

"
of the tubes.
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Reed boilers have been adopted for several English

torpedo-boat destroyers the Janus, the Lightning, the Por-

cupine, the Star and several others. In a coal-consumption
trial on land, under natural draught, they have evaporated

12 Ibs. of water per Ib. of coal from and at 212.

The Mumford boiler illustrated in Fig. 220 slightly

AGDA BOILER.

Fig. 221.

recalls the Guyot, and particularly the earlier type of Du

Temple boilers, notably in the bottom drums and their side-

doors. The U tubes in the up-take act as superheaters.

152. Swedish Type Boiler. Ansaldo Boiler. An arrange-
ment of tubes which has already been referred to in
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ANSALDO BOILER.

Fig. 206 consists of crossing the tubes so that the tubes

from the right-hand bottom collector enter the top drum
on the left-hand side, and those from left-hand bottom

collector enter the top drum on the right-hand side.

About 1895 some boilers of this type were built by the

firm of Du Temple, but the ordinary type of Du Temple
boiler appears to have been preferred. Fig. 221 illustrates

this type of boiler as fitted on the Swedish gunboat Agda.
The furnace crown is a good deal lower than in the older

type, but the arrangement per-

mits of a large amount of heat-

ing surface being provided.

A somewhat similar arrange-

ment was adopted by M. Nabor

Soliani, and is shown in Fig.

222, from which it will be seen

that there are two lower and two

upper collectors and the tubes are

not crossed to the same extent as

in the previous type mentioned.

The steam drum placed between

the two upper collectors only

extends for half the depth of the

boiler, and the side casings

are protected by tube-walls, the

whole boiler being of a compact

Fig. 222. rectangular form. Boilers whose

generating tubes cross in the centre force the gases to

traverse the tubes transversely.

153. Leblond and Caville Boiler. New Type of D'Allest

Boiler. Haythorne Boiler. Boilers whose tubes are not crossed

are very much simpler than those with crossed tubes. One

of the earliest types of this class of boiler is the Leblond-

Caville (Fig. 223), which was fitted on board the Bazin
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roller boat. M. D'Allest brought out a design with acce-

lerated circulation shown in Figs. 224 and 224A.

As will be seen ^rom Fig. 224A, the flat water-space

at the back has been retained, but a cylindrical drum

LEBLOND AND CAVILLE BOILER (1896 TYPE).

Fig. 223.

substituted for the front water - space ;
return tubes of

large diameter are shown at A. There is a strong likeness

between Figs. 224A and 223, and the cross-section (Fig.

224) is practically the same as Fig. 150. The new type of

D'Allest boiler has been tried in the French Navy with

good results.

The Haythorne boiler, shown] in Fig. 225 and 225A, is

similar to the D'Allest boiler except that the bottom
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horizontal tube-wall takes up more floor space, and the

generating tubes deliver the steam into a vertical water

space on its way to the steam drum. The form of the

generating tubes is very simple, and the downcomers are

AH

.SP-

at the top inside the casing. The two water spaces are

divided into sections similar to the Babcock & Wilcox
or Niclausse boilers

; they are fixed on the top to the

steam collector, and at the bottom to a collector, not
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shown in the figure, which serves as feed-collector and

mud drum.

O

The jointing of the tubes is illustrated in Fig. 226
;

the end of the tube is screwed to a somewhat different
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pitch than the ferrule M., and .the tightness of the joint
is thus secured. The Haythorn boiler has been used on

the Caledonian Railway steamers.

Fig. 226.

154. Doyere Boiler. Launch Type of Ward . Boiler. M.

Doyere has worked out a number of different types of

boilers consisting of flat cylindrical surfaces with tubes

expanded into them. The distinctive feature of the Doyere
boiler is that it consists of only two reservoirs composed
of conical and cylindrical surfaces and a series of tubes

placed symmetrically about an axis xx. If the boiler is

placed vertically (see Figs. 227, 227A), the grate will be

circular and surrounded by the bottom reservoir, the

down-comers or return-tubes aa being on the outside.

The axis of the boiler may also be inclined at an angle

(see Fig. 228.4), and the bottom reservoir will then be

practically the same as the top one, but of smaller volume
;

the downcomers aa are on the inside, and are protected by
a baffle bb, which forces the gases to circulate amongst the

generating tubes. The furnace in this case will be square
and external to the boiler. The types illustrated are only two

of the many types suggested by M. Doyere, and in common
with the others have the merit of simplicity. The Doyere
boilers have been used on destroyers and other small craft

which have been constructed during recent years at the

Foo-Chow arsenal.

Besides the boiler described in paragraph 124, which was

the first boiler fitted in the United States Navy, Mr Ward
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designed that shown in Fig. 229 ;
it

descending from upper central drums

to a very small ring drum running
round the bottom of the boiler. The

two rows of tubes were supposed to

act, one for the ascending and the

other for the descending current.

155. Boilers with Field Tubes.

Turgan Boiler. Borrot Boiler. Pattison

Boiler, etc. Field tubes can stand hard

firing when the inlet and outlet currents

are properly separated so as not to inter-

TURGAN BOILER.

consists of tubes

WARD BOILER.

Fig. 230.

Fig. 229.

fere with each other.

Mr Turgan maintains

that even a steel ball

from a bicycle bear-

ing, if placed at the

bottom of the tube,

will be carried up by
the strong entraining

action of the upward
current. Fig. 230

shows a Turgan
boiler which has

given very good
results on motor

vehicles.
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Figs. 231 and 231A show the Borrot boiler, which likewise

consists of field tubes. The inlet and outlet of the tubes are

shown in Fig. 232, from which it will be seen that the water

BRILLIE BOILER.

Fig. 233.

enters the central tube by means of a small curved tube,

leaving the steam free egress.

The Pattison and the Philips boilers also have Field

tubes, but in common with the other two described above,
have not so far been used afloat.
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156. Various Types. Brillie Boiler. Smith Boiler.

Myabara Boiler. Stirling Boiler. Solomiac Boiler. A large
number of boilers have been invented having accelerated

circulation, and one which has received most careful study
is that designed by M. Brillie. It has no large outside

SMITH BOILER.

Fig. 234.

down-comers, but there are two sets of generating tubes,

the one set for getting rid of the steam, the other set

taking the place of down-comers. The former have a

diameter of 1.18 ins., the latter 1.57 ins., the thickness

being o. i in. There are two top reservoirs connected by
horizontal pipes, and the space between the two nests of tubes
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on either side of the furnace referred to above acts as a

secondary combustion-chamber.

Fig. 234 shows the Smith boiler, which resembles the

first Sochet boiler, and has tubes of different diameters

inclined at various angles over the grate.

MYABARA BOILER.

Fig. 235.

235 shows a boiler invented by Mr Myabara of the

Japanese Navy, which has several drums connected by cross

tubes, the upper tubes acting as superheaters.

Another boiler which has several banks of cross tubes

is the Stirling boiler, but the tubes approach the vertical

more nearly than those of the Myabara boiler. This boiler,

2 I



498 MARINE BOILERS [CHAP.

like the Babcock & Wilcox, and Ward boilers, is of

American origin. It is essentially a large tube boiler, but

the form of the generating tubes resembles strongly that

of many of the small tube types.

The boiler consists generally of two or more transverse

top drums connected to each other by short horizontal

tubes. The top drums are again in turn connected to the

transverse bottom drum by long generating tubes inclined

at about 15 to the vertical, and slightly curved at their

ends so as to make them enter the drums radially. The

general arrangement of the boiler will be clearly understood

by reference to Fig. 236, which gives an illustration of the

Stirling boiler as fitted to Messrs. Thos. Wilson & Sons'

vessel Hero in the beginning of 1903, with, it is understood,

most satisfactory results.

The feed-water is introduced into the back top drum,
and therefore the back vertical bank of tubes acts more

as a feed-heater than anything else, and any sediment or

scale is deposited in these tubes, or in the back half of the

bottom drum which has a perforated baffle running down
the centre, and not in the more highly heated tubes of the

front bank. The water gets hotter as it works towards the

front bank where the lion's share of the evaporation is

done. It has also been purified of its impurities and .air,

and is in the best condition for the production of steam.

The steam generated, on reaching the front top drum,

passes backwards through the horizontal tubes connecting
the top drums, where it has an opportunity of dropping

any water that it may be carrying in suspension, and it

finally leaves the boiler by the main stop valve situated

on the top of the back drum.

The circulation of the gases, as will be understood by
reference to Fig. 236, is across and up and down the

banks of tubes. The large combustion-chamber over the

grate tends to secure a more perfect combustion than in
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HERO OR HIGH SECTION STANDARD BOILER.

Fig. 236.
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those boilers whose tubes are situated close over the

grate.

Evaporative tests, carried out by Professor Ewing, when
at Cambridge, on a land boiler with natural and with forced

draught, gave a high efficiency, with good evaporation,

dry steam, and low funnel temperature.

The tubes are merely expanded into the drums, there

are no screwed joints, headers, handholes, stays, etc. All

the details of construction come under the category of

ordinary boilermakers' work. The tubes are easily removed,

as one tube is omitted in the centre of each bank through
which the tubes can be passed out and in without remov-

ing any other tubes.

Not content with the speed of circulation due to difference

of head, some inventors, amongst whom is M. Solomiac,

propose using mechanical means to effect a forced circulation
;

but if this class of boiler is to get beyond the experimental

stage, it will have to satisfy the stringent conditions as to

simplicity required on board ship.

There are a number of other types which might possibly

be referred to, but some of these will be found in the Editor's

book on " Water-tube Boilers," and need not therefore be

referred to at length here.



CHAPTER XIV.

ADVANTAGES AND DISADVANTAGES OF TUBULOUS BOILERS.

COMPARISON OF THE DIFFERENT TYPES.

I. GENERAL ADVANTAGES OF TUBULOUS
BOILERS.

157- General Advantages and Special Adaptability to Naval

Purposes. Some of the advantages of tubulous boilers are

equally apparent whether for land or marine purposes, and

should justify their being more generally adopted on shore

than is at present the case. Other advantages are more

particularly appreciated afloat, and account for their extended

adoption on board ship.

In this chapter the general advantages of tubulous boilers

will be first considered, and afterwards their special adapta-

bility to marine purposes, with which this treatise is chiefly

concerned.

158. Ability to stand High Pressures. Tubulous boilers

are particularly adapted to support very high pressures,

because the majority of them, particularly all those having
limited or accelerated circulation, are composed almost

exclusively of cylindrical elements of small diameter, the

pressure in all cases being internal.

In the ordinary cylindrical tubular boilers a maximum

pressure is soon reached, which, for the shells, is strictlv
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limited by the thickness of shell-plates obtainable, and for the

furnaces, by difficulties in construction, not yet overcome,

and perhaps even insurmountable. With tubulous boilers,

on the contrary, no limit of pressure is imposed, except by
considerations affecting the working of the engines, and this

is solely one of temperature, which may disappear as methods

of lubrication are improved.
Tubulous boilers are now commonly constructed for a

working pressure of 315 Ibs. per square inch, a reducing

valve supplying steam to the engines at a pressure of 260 Ibs.

per square inch. Mr Mosher in America has already used

440 Ibs. per square inch at the boiler and 400 Ibs. per square

inch at the engine, and finality has evidently not yet been

reached in this direction.

159. Comparative Immunityfrom Accidents. The compara-
tive immunity from accidents depends partly upon the ability

to support very much higher pressures than the working

pressure of the boiler, and partly on the small volume of

water and steam contained. Except in their immediate

neighbourhood, tubulous boilers are a far less source of

danger to surrounding buildings than cylindrical or tubular

boilers, as the effect of an explosion is felt over a very much

more limited area.

It is no longer possible to speak of immunity for the stoke-

hold staff on board ship since the catastrophes on the Sarrazin

and Jaurtguiberry, which were caused by tubulous boilers.

Some types, however, have undoubted advantages in this

direction. The Belleville boilers, for instance, which have

given rise to trifling accidents and caused a good number

of scaldings, have not to the author's knowledge been the

cause of any accidents attended by fatal results. On torpedo-

boats the Du Temple and Thornycroft boilers, for instance,

have had the inner rows of tubes next the furnace severely

burnt, but these accidents cannot be compared in seriousness
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to those caused by a similar shortness of water in boilers

of the locomotive type.

The confidence naturally inspired by this type of boiler

must not, however, lead to a neglect of the necessary pre-

cautions. Thus in boilers of the Du Temple type, where the

bursting of a tube may only make itself manifest to those in

the stokehold through a fall both in the water-level and in

the pressure, an opening of the hatch may, as noted in

paragraph 142, lead to a serious accident, as in the case of

Torpedo-boat No. 208. Here a fatal coincidence occurred

due to the opening of the hatch and fire-door at the same

moment. The opening of the hatch alone, however, might
have been sufficient to have caused a back-rush of the

flames through the ashpan doors.

Given a judicious selection of type, and the necessary care

in working, the adoption of tubulous boilers should be

attended by a marked diminution in the occurrence of really

serious accidents.

Amongst the properties of tubulous boilers tending to

prevent accidents may be mentioned the increased durability

of the various component parts when subjected to rapid

changes of temperature. This point is again referred to in

paragraph 167.

2. SPECIAL ADVANTAGES FOR MARINE
PURPOSES.

160- Lightness of Tubulous Boilers. Consideration of

Weight. The principal advantage of tubulous boilers for

marine purposes over tubular boilers, and the motive

dominating their adoption, and justifying the boldness dis-

played in their introduction, is their great lightness.

The detailed Tables of weights given in paragraphs 102

and 173 permit of minute comparisons being made between
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the weights of the various types of boilers, and also between

the weights of the several component parts on which the

differences principally rest.

In arriving at a comparison between the various types,

the official figures will not alone be relied on, but the

mean results obtained from statistics of a large number of

engines and boilers as supplied by their makers will also

be made use of.

The weights found in these statistics differ a little from

those taken from the Official Returns and embodied in the

Tables in paragraphs 102 and 173, as the latter were taken

after the boats had been delivered to the arsenals.

The quantity of water contained accounts alone for more

than one-third of the saving in weight realised, and varies

greatly with the different types of boiler.

The Admiralty type of cylindrical boiler contains 10.66

cub. ft. of water per square foot of grate, and the return-tube,

or Scotch boiler, 7.38 cub. ft., giving a mean of 9.02 cub. ft.

for cylindrical boilers.

In locomotive boilers the mean is as low as 4.92 cub. ft.,

varying between 4.26 and 5.58. Turning to tubulous boilers,

the Belleville has only 0.885 cub- ft-> ^ie Niclausse 2.07, and

the D'Allest type 2.69 cub. ft.

Boilers with accelerated circulation had at first a weight of

water equal to that of the Belleville boiler, but it has gradually

risen until it has reached that of the D'Allest boiler. The

reduction realised in weight of water, however, is more than

0.183 ton Per square foot of grate.

The following figures, compiled in 1896, give the total

weight per square foot of grate :

Cylindrical boilers, Admiralty type 1 '124 ton.

Single-ended cylindrical marine boilers . . 0*85

Double-ended marine boilers

Locomotive boilers for ships

Belleville boiler

D'Allest boiler

torpedo-boats

0-814

0-96

0-549
0-53

0-539
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Niclausse boiler

Du Temple boiler (old type)
,, ,, (present)

Normand boiler (present)

Thornycroft boiler (old type)

Normand-Sigaudy

of H. M.S. Speedy

0-466 ton.

0-329
0-411

0-421

0-356
0-453

0-486

The weight per square foot of fire-grate of modern

tubulous boilers considered suitable for use on large ships is

very nearly half that of the ordinary return-tube cylindrical

boilers. The weight of the lightest class of tubulous

boilers is about one-third those of Admiralty cylindrical

type, that is to say, merely equal to the weight of water

contained in these latter.

Boilers with accelerated circulation, suitable for use on

large ships, will apparently be about 10 per cent, heavier

than Belleville and Niclausse boilers, but will be about 10

per cent, lighter per I.H.P. per square foot of grate surface.

In the preceding Table only the weights of boilers for

warships have been given. In the merchant service, accord-

ing to the figures given for two transatlantic liners in the

Table, paragraph 102, the weights amount to 1.27 tons per

square foot of grate.

The adoption of Belleville boilers by the Messageries

Maritimes has, therefore, reduced the weight of the boilers

40 per cent., and that without the use of forced draught.
The weight per square foot of grate would represent

the relative weights of different boilers if the evaporative

power per square foot of grate were the same for all. This

is very far from being the case, especially in the navy,
where forced draught is almost universally used. The

relative weights of boilers can thus only be determined

after very careful examination, which in the nature of the

case must be incomplete, as it is impossible to determine

with any exactness the maximum evaporative power of a

boiler.

The real coefficient of lightness, the weight per horse-
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power, is equal to the weight per square foot of grate surface

divided by the maximum horse-power per square foot of

grate surface, always supposing the weight of steam per

horse-power required by the engines to be a constant quantity.

The relative weights can only be determined by the

ability of the various types to stand forcing.

161. Ability to Stand Forced Draught. From this point

of view, tubulous boilers may be divided into two very

distinct groups.

Firstly, types with limited and free circulation, especially

constructed for regular working at a moderate air pressure.

In these the steam does not get away with great freedom
;

the passage of the flame among the tubes is short and the

volume of the combustion-chamber is, as a rule, small. The

maximum horse-power developed afloat up to the present

time has been, in the Belleville and the Niclausse boilers,

from 12 to 13 horse-power per square foot of grate, and 16

horse-power in the D'Allest boilers of the Cassini. These

boilers have the advantage of a large combustion-chamber,

qualified, however, by the inability of the generating tubes

to stand hard forcing. On board torpedo-boats, the Oriolle

boilers have been pushed to 22.9 horse-power per square

foot of grate, but the production of smoke at that power
became excessive. On the Timeraire, fitted with Niclausse

boilers, and with uneconomical engines consuming 4.27

Ibs. per I.H.P. per hour, 15.5 horse-power per square foot of

grate was developed, but accidents with bent and burst tubes

occurred. All these boilers appear to be made, in actual

working conditions, for an output of about 14 horse-power

per square foot of grate.

Secondly, boilers with accelerated circulation, constructed

specially for torpedo-boats, and afterwards applied to

other vessels, and capable of working at high rates of

forcing. In these the steam can get away with great
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freedom ; the flame passages are generally long, the furnace

is usually high, and they are sometimes fitted with a small

lateral combustion-chamber for the return of the hot gases.

The latest types of the Du Temple and the Normand

boilers have given, without inconvenience, up to 37 and

41 horse-power per square foot of grate.

In comparing cylindrical boilers, giving about 18 horse-

power per square foot of grate surface, and locomotive,

giving 32 horse-power, with the tubulous type, we find

that tubulous boilers with limited and free circulation are

inferior as regards combustion to tubular boilers, but that

tubulous boilers with accelerated circulation are superior
to them.

At the rates of working above referred to, tubulous

boilers of both groups have, without exception, the ad-

vantage that they distress their principal elements very

much less than cylindrical boilers. Their tube joints are

more easily kept cool and much less subjected to the action

of heat, and there are no furnaces to bulge or collapse.

If the figures of 14 and 37 horse-power per square foot

of grate surface, given above, be accepted as correct for

tubulous boilers, and compared with the figures contained

in paragraphs 102 and 173, we find that the weight per horse-

power of the Belleville, D'Allest, and Niclausse boilers

is two-thirds that of a cylindrical boiler giving 18 horse-

power per square foot of grate surface. For the Du Temple
or Normand boilers this same ratio falls to one-fourth. It is

apparent that for these latter the practical difficulties of

stoking in large ships will hardly permit of an output much

greater than 18 horse-power per square foot of grate ;
the

ratio of the weights will remain between one-half and two-

fifths
;
and the fact of working the boiler below its maximum

capacity must add to the security.

162. Rapidity in Getting up Steam. Pressure can be got
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up in tubulous boilers within one hour, while cylindrical

boilers usually require four hours. This is an advantage

in the navy ;
but its importance should not be over-estimated,

on account of the long operation of warming up the engines,

to which not less than ten or twelve hours is given on

merchant steamers in order to prevent any mishaps at

starting. Ease of shipment and rapidity in raising steam

are among the most valuable qualities of tubulous boilers.

3. VARIOUS CONSIDERATIONS.

163. Horizontal Space Occupied. The horizontal space

required by a boiler may be expressed by the ratio of the

surface formed by the vertical projection of its horizontal

dimensions to the grate area. The division of tubulous

boilers into two groups, in respect to forced draught, is

also applicable as regards horizontal space occupied.

The Belleville, D'Allest, and Niclausse boilers take up
little horizontal space. The coefficient of floor space for

the Niclausse boiler, which is the lowest of all, is 1.5;

it is 1.7 to 1.8 for the D'Allest boiler, and between 1.6 and

1.7 for the Belleville boiler.

The Du Temple and, above all, the Normand boilers

occupy somewhat more space. The coefficient averages

2.5 for the Du Temple and Guyot boilers, and reaches 3

for the Normand boiler, on torpedo-boats to 2.5 on large

vessels.

Going back to cylindrical boilers, and leaving on one

side those types whose furnaces are at one end and tubes

are at the other, which naturally occupy a large amount

of space, it is found that the mean coefficient of horizontal

space averages 1.75 for double-ended boilers and 2 for

single-ended boilers. The tubulous boilers in the first

group are, therefore, superior to those of the second group,
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but inferior to return-tube cylindrical boilers with the same

grate area.

If, for large steamships, the powers per square foot of

grate given above for each type be accepted, we find that

the tubulous boilers of the first group occupy about the

same horizontal space as cylindrical boilers, and those of

the second group, a space a good deal larger.

164. Price of Tubulous Boilers. Their Durability. The

classification followed in the preceding section holds good
from the point of view of cost, as well as working conditions,

but particulars in any way reliable can only be obtained

for the boilers in the first group, as these alone, up to the

present, have been applied to any extent in large ships. The

price per square foot of grate of the Belleville boilers,

bought by the French Navy during the last few years,

has varied between ,27.12 and ,35.62 ;
on an average,

,31.96. The Niclausse boilers of the Friant have also cost

,31.96. For the D'Allest boilers the price is a little higher ;

it has ranged from ,27.12 to ,38.64; on an average,

-33-45- The difference is insignificant, and would bear

no influence upon the choice made between these three types.

Comparing the average price of cylindrical boilers with

the foregoing, we find it to be ,32.7 for single or double-

ended return -tube boilers, .48.31 for direct -tube or

Admiralty boilers, and ,52.76 for boilers of the locomotive

type. The comparison on this basis is favourable to

tubulous boilers. In reckoning the performance per square
foot of grate, these tubulous boilers are 25 per cent, dearer

than the return -tube boilers, but they are 10 per cent,

cheaper than the Admiralty boilers, which supplanted the

return-tube boilers.

An endeavour to classify the different tubulous boilers

adopted in the French Navy according to their price

reveals wide discrepancies in prices of boilers of the same
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type. The price of the Belleville boilers, which was ^45
per square foot of grate for the Tully, rose to ^53.5 for

the Victor Hugo. The Niclausse boilers for the Gloire and

the Conde rose from ^46 to ^53.8 for the Lton Gambetta.

For boilers of the Du Temple type the discrepancies were

even bigger, the boilers of the Dunois and Lahire were

,64.8, and the large boilers for the Montcalm were 67

per square foot of grate. These prices, which are analogous
to the price 6$ for the cylindrical boilers of the Fleurus,

were evidently estimates on the part of the builders, and

were somewhat wide of the mark. The amounts allowed at

Indret for the boilers of the Jeanne d^Arc were ^44.7 and

for the Jules Ferry, 40.6, including establishment charges,

but without allowing for workmen's pensions. The actual

price for the Jeanne d
1

Arc's boilers came out at ^28.2, in

spite of an omission which had to be rectified during
construction. The most interesting comparison would be

between the boilers of the Du Temple type on the one

hand, and the Belleville and Niclausse boilers on the other

hand. On the assumption that the former furnish 20

to 25 per cent, more power per square foot of grate than

the latter, and if the contract price is taken as a basis

of comparison without taking into account the life of the

boiler, the cost per horse -power comes out very nearly

the same for all types.

The figures cited above are for boilers fitted with all

their accessories, as given in the Table in paragraph 173,

the accessories accounting for 37 per cent, of the total

price. The real price, after all, depends very largely on

the life of the boilers, and in regard to tubulous boilers

experience is not as complete as might be. The Belleville

boiler is the only one which has been in use in the French

marine for any considerable time. Experience has shown
that the annual overhaul of the boilers has a vital im-

portance on their life, but the expenditure varies consider-
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ably in different ships, and it is almost impossible to tell

at what epoch the repairs have amounted to practically

replacing the boilers. For instance, in 1891 the Belleville

boilers of the Milan were put into a good state of repair,

but the vessel had to be put out of commission after two

or three months at sea. Similar boilers on the Voltigeur,

on the other hand, after being constantly renewed during

the period of twenty years, lasted out successfully several

commissions, and attained the same life as the hull. From

this and other similar data it is quite evident that the

care exercised in the maintenance has an enormous

influence on the life of the boilers. The proper extraction

of the air from the feed-water has a very marked effect

on the life of both cylindrical and tubulous boilers. The

presence of air assists corrosion, and the recent results

attained with the Europa's Belleville economisers are con-

clusive evidence on this point.

Cylindrical boilers, under certain conditions of work and

maintenance, may have a very long life without necessitating

any very extensive repairs. The case of a vessel of the White

Star Company has been referred to in paragraph 101, where

the boilers worked satisfactorily for twenty-four years ;
also

that of the Notre-Dame-du-Salut, whose boilers had seen twenty

years of service up to the time the boat was chartered by
the French Navy. A tubulous boiler would not, in all

probability, have reached this advanced age without often

having had different parts replaced by new ones. There-

fore, in shipping companies, directors, when they can

depend on their men, prefer the old types, upon which

they can rely with greater confidence.

Care must be taken not to draw too general conclusions.

Cylindrical boilers, since their brass tubes have been replaced

by iron tubes, are not proof against accidents even at sea.

A commission similar to that of the Marceau is as unfavour-

able to the cylindrical boilers as that of the Milan was to the
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Belleville boilers. Again, note must be taken of the time

the boats are laid up, or, what is sometimes more disastrous,

of their being out of use for a short time. On men-of-

war the life of the cylindrical boilers used to be about eight

or ten years at most, with an occasional refit. At the end of

this period they were condemned and broken up, though

they still contained many sound parts. At the end of ten

years a tubulous boiler may not have experienced a thorough

overhaul, but will have undergone a good many repairs.

Some parts may have been changed twice or even three

times without in any way prejudicing the other portions of

the boiler which have remained intact, and there .is no reason

why the boiler, as a whole, should be condemned. Hence

the facility of repairs largely compensates for the rapid

deterioration of certain portions of tubulous boilers.

Tubulous boilers have a marked advantage over loco-

motive boilers under the conditions subsisting in torpedo-

boats. These latter had often to be replaced after three years'

service
;
extreme care might result in a life of five years.

The life of the boilers of the Du Temple type averages

about nine years. Thus, leaving out of account the early

and somewhat experimental boilers fitted in the years 1882 to

1888 the life on Torpedo-boat No. 137 was ten years from

1891 to 1901, and eight years on the Dragon, from 1892 to

1900 ;
a new set of tubes being fitted in the interval. A life

of eight years with retubing after five years may now be

safely counted on, and it is hoped still to increase this. The

development and use of apparatus for prolonging the life

of the boilers in conjunction with the experience gained

by the personnel should lead to an increased life in the

future.

From the above statements, some of which might, at first

sight, appear contradictory, may be drawn at least one very

evident conclusion. In the selection of any particular type

of boiler, the question of price and life can only have a
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secondary influence. The technical considerations must

entirely outweigh the former.

165. Ease of Repairs. Difficulty in Stopping Tubes.

Tubulous boilers composed of elements in juxtaposition

and generally detachable, can be made good in case of

mishap by simply removing the defective parts and re-

placing them by duplicates. This work can always be done

on board even when skilled workmen are not available.

Tubes can be replaced in some boilers with extraordinary

ease ; thus, in the Niclausse boiler, the replacing of a

tube requires no more than two minutes, once the boiler

is emptied ;
in the Belleville boiler, a complete element can

be removed and replaced by another in two hours. In the

Du Temple boilers and others of the same class, the

operation is complicated on account of the necessity of

removing several tubes before arriving at the one whose

removal is necessary ;
but each tube can be withdrawn

without trouble from its position ;
it only means the slacken-

ing of a screw or a few blows with a hammer on a drift
;

in the D'Allest boiler alone does the removal of tubes

present more difficulty than in the case of cylindrical boilers.

Repairs to tubulous boilers, even although they should

require a stoppage of a few days, instead of merely drawing
the fire for a few hours, as is usually the case, are mere

child's play compared with the repairs occasioned by the

overheating of the furnaces or the combustion-chambers of

cylindrical boilers.

With regard to facility for carrying out repairs to the

boilers while in commission, it must be remarked that the

plugging of the tubes while at work in case of their leak-

ing is an impossibility inherent in the principle of tubulous

boilers. The emptying the boiler until the water is below

the tube that requires plugging, which involves at times the

complete emptying of the boiler, is an absolute necessity.
2 K
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As regards plugging the tubes, after the fire is out and

the boiler emptied, the various types of tubulous boilers

present very different facilities, which

depend on their mode of construc-

tion. In the Belleville boilers, and

in general in all boilers unprovided
with collectors, it is impossible to

plug the tubes. The damaged pieces

always have to be replaced.

In the D'Allest boilers and in all

those with straight tubes, the plug-

ging can be done exactly as in

cylindrical boilers, by the use of the

ordinary arrangement of double plugs.

Fig. 236A represents a plug speci-

ally used for the D'Allest boilers,

which is the design of M. Girard, in-

specting engineer in the French Navy.
In the Niclausse boilers no ques-

tion of plugging arises, as the opera-

tion is precisely the same as the

changing of a tube.

In the early Du Temple boilers

the plugging was very easy, owing
to the form of screwed joints used,

provided that the screw threads inside

the collector were in good condition.

IiMi
1 It is sufficient to remove the nut

JN
'

i

I

I,]',

1 1 from the end of the tube and replace

t\\l it by a blind nut. The blind nuts

1 adopted for this purpose (Fig. 237)
MBSirB . .. - -I j^^MDfflSd

' are the invention of M. Portay.

Owing to the time necessary for the boiler to cool down,

the operation takes altogether four hours, counting from

the time the fires are drawn until the refilling of the boiler.
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If the screw thread is in bad condition and it is necessary

to cut the tube so as to insert a plug (Fig. 238), the operation

takes at least an hour longer. In the latest boilers with

steel joints the necessity of cutting the tubes will be much

more frequently met with than was the case with the old

pattern brass joints.

In the Normand boilers, and in general in all those

wherein the tube joints are made by an expander, the

TUBE WITH BLIND NUT. CONICAL PLUG USED TO

REPLACE TUBE.

Fig. 237. Fig. 238.

class of plug shown in Fig. 238 could evidently be used
;

but as a rule a simple conical plug (which sometimes has

a slight thread cut on it) is inserted into the end of the

tube from the inside of the drums. The pressure in the

boiler tends to tighten the plug.

The impossibility of plugging a tube while under

steam might place a small craft with only one boiler in

a very precarious situation during bad weather.

To the inconvenience of having to empty the boiler,

must be added the difficulty, often considerable, of locating

the fractured tube. There are a number of similar problems
of a practical nature for which a solution has yet to be

found and which are consequent upon the introduction of
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water-tube boilers. Attempted solutions of two of these

problems are referred to in the next paragraph.

166. Ravier Automatic Tube-Stoppers. Vinsonneau Tube

Inspection Apparatus. As the pressure in tubulous boilers is

on the inside of the tubes, it ought to be possible to devise

a means of automatically closing or stopping the tube,

should it burst, by means of the pressure existing in the

boiler.

An attempt has been made by M. Ravier, a retired

engineer officer of the French Navy, and is illustrated in

Fig. 239. Fig. '239A.

Figs. 239 and 23QA, which sufficiently explain themselves

without further description. Actual tests on board a

torpedo-boat, fitted with a boiler of the Du Temple type,

gave very satisfactory results. A tube gave way at the

commencement of the trial trip, which, however, was able

to be completed and the fires relighted next morning with-

out any repairs having to be carried out on the boiler.

The Ravier tube-stopper successfully carries out the

end for which it was designed, but the fitting of anything
which would be likely to impede the circulation or close
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the tube inadvertently, would probably be sufficient to

prevent the extended use of the Ravier tube-stopper or

any similar arrangement, at least in the British Navy.
In order to locate leaky tubes, the Vinsonneau apparatus,

illustrated in Fig. 240, may be used before emptying the

boiler. The apparatus consists of a simple iron tube

furnished at one extremity with a little mirror a and an

electric lamp, and at the other end a second mirror b (with

adjustable screw), and a telescope.

)-f=

Fig. 240.

The stopping of the tubes and their external examination

are no longer so important to-day as they were in the early

days of the introduction of water-tube boilers. The im-

provements in construction and the purification of the

feed-water and precautions taken to prevent corrosion when

the boilers are laid up have made the occurrence of faulty

tubes much more rare.

167. Ability to stand Sudden Changes of Temperature.

The majority of tubulous boilers, that is to say, the Niclausse

boiler, amongst those with free criculation, and all the boilers

with limited and accelerated circulation, are able to stand

without injury the most sudden changes of temperature,

as evinced by the fact that the fires can be withdrawn in

full swing, and all the doors opened without prejudicially

affecting the boiler. M. Niclausse thinks nothing of sub-

mitting his workshop boiler to this rude test, to the great
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edification of his visitors. The similar experience of Mr

Yarrow, described in paragraph 149, and the method of

removing soot employed by M. Normand's stokers, described

in paragraph 48, corroborate the above facts.

It is not fully appreciated, although it ought to be, how

sensitive tubular boilers are to sudden changes of temperature

even very much less abrupt than those which have just been

mentioned. The sudden reduction in the rate of working
while under full steam, due to opening the fire- and smoke-

box doors, is quite sufficient to stress all the plates of the

furnaces, combustion-chambers, and smoke-boxes beyond
the limit of elasticity. This gives rise to leaky tube-plates

and distortion of the crown plates ;
and may lead ultimately

to leakage along the seams, paving the way for a possible

future fracture at the joints. The firing in tubular boilers

ought always to be very regular and uniform.

Were it not for the possibility of priming, in case of

sudden variations of engine-speed, tubulous boilers would

enable all and any manoeuvres of the engines to be carried

out without fear of accident. But as a sudden variation in

the speed is liable to produce priming, which may be

accompanied by dangerous lowering of the water-level, all

abrupt changes in the speed of the engines should be

carefully avoided unless absolutely necessary.

4. DISADVANTAGES OF TUBULOUS BOILERS.

168. Danger Consequent upon Irregularity of Feed. Dis-

tinctions between Various Types of Boilers. Although tubulous

boilers have undeniable advantages when employed for

general, or, more particularly, for naval purposes, their

advantages are partly counterbalanced by corresponding

disadvantages.
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It is entirely in their management that difficulties are

encountered, and we must now turn to consider them.

On account of the small quantity of water which they

contain, tubulous boilers require most careful attention

to the feed-supply. A boiler of 55 sq. ft. of grate, working
under forced draught, can evaporate 12 tons of water

per hour. If the separator up to the working level contains

only i ton of water, an interruption in the feed - supply
would empty it in five minutes

;
the fall of level in the

tubes would then be extremely rapid. The top drum is,

as a rule, not in contact with the hot gases, but with forced

draught the tubes are exposed to temperatures capable of

fusing the steel. The maintenance of the water-level and

the management of the feed require therefore very careful

attention. In large ships, where several boilers are fed

from a common feed-pipe, the adoption of automatic feed-

regulators is a wise and in some cases a necessary precaution.

The dangers resulting from shortness of water vary

according to the type of tubulous boiler. If the tubes

are nearly horizontal, they will be either full or empty,

according to the level of the water. On the other hand,

if the tubes are vertical, or nearly so, none of them can

be completely emptied, so long as a small quantity of

water remains in the boiler. Boilers with free circulation

come under the first heading, and those of the Collet type

are particularly exposed to trouble in this direction should

the feed -water fail. Boilers with accelerated circulation

fall under the second heading. Except in the case of an

extraordinarily low water-level each tube will be filled

with an emulsion of steam and water, or of steam which,

towards the upper end, may become partially superheated,

but the presence of which will be sufficient to keep the

tube from overheating. This fact has rendered the use

of automatic feed-regulators less important than they were

thought to be in the early days. In fact, without serious
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inconvenience, the top drum might almost be a steam

drum, as in the case of the Belleville boilers, or the tops

of the tubes might, without injury, be above the water-

level, as in the case of the early Thornycroft boilers.

169. Necessity of using Pure Feed- Water. The tubes

of tubulous boilers can only stand the intense heat to

which they are exposed when cooled by a continuous

circulation of water. Any obstructed tube means a burnt

tube
; any tube in which a deposit has commenced to

form will shortly become an obstructed tube, because the

deposits tend to increase due to the retardation of the

circulation. Tubulous boilers, therefore, necessitate the use

of very pure water, and the use of sea -water must be

rigorously avoided, and all the fittings used to purify the

feed-water must be kept in good working order.

In conclusion, we may say that the disadvantages of

tubulous boilers lie mainly in the danger that may result

from their breaking down, but this can be minimised by
incessant and careful inspection.

Tubulous boilers should on no account be used on

board vessels where the loss of feed -water, during its

cycle in passing to and from the engines, exceeds 5 per

cent., and where this loss is made up from the sea, and

more especially if the engineer in charge thinks it beneath

his dignity to keep a sharp lookout on the stokehold.

There is a fatal prejudice on the subject of boilers

which has to be overcome. They are by no means of

such simple construction as is often supposed, nor is their

management so easy. At present there is no problem in

the design and construction of engines which approaches
in difficulty those encountered in boiler design ;

there is

no post in the engine-room which necessitates so much
constant care, and at times so much ability and presence

of mind, as is required for the proper management of

the boilers.



XIV.] COMPARISON OF TUBULOUS BOILERS 521

5. COMPARISON OF DIFFERENT TUBULOUS
BOILERS.

170. Comparison of Belleville, D'Attest, and Nidausse Boilers.

The general comparison of all types has been dealt with

in the preceding sections
;
but a few more exact particulars

may be added with advantage.

The three types of boilers, Belleville, D'Allest, and

Niclausse, are in actual service in three similar cruisers, the

Bugeaud, the Chasseloup-Laubat, and the Friant, and detailed

information from actual working should be forthcoming.

The three engines are, moreover, nearly identical, and were

built in the same workshops ;
the number of expansions

/ D 2 \
f
-=-72)'

which are equal to the quotient of the volume of

the low-pressure cylinders, divided by the volume of the

high-pressure cylinders at the point of cut-off, are the

same.

The principal particulars are :
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The official reception trials gave the following results :



f xiv.] TESTS OF TUBULOUS BOILERS 523

less than the Niclausse boiler. These results are what would

have been expected ;
but they have been rendered more

striking by the fact that the fires were hardest pushed on

the boiler least adapted for it.

On account of the absence of circulation, the steam in

the Belleville boilers has to make its way through almost

dead water, and ought to give rise to more foaming on

the surface and more priming. Further, the transmission of

heat by convection is imperfect. The combustion-chamber

of Belleville boilers is also wanting in height. These are

the probable reasons for the inferiority of the Belleville

boiler at high rates of working ; they are both avoided in

the D'Allest, and the first is overcome in the Niclausse

boiler. The D'Allest boiler cannot stand hard firing, by
reason of its general construction, which restricts the free

expansion of the tubes.

In order to arrive at a more definite conclusion, it would

be necessary to push the three boilers up to their fullest

possible capacity in evaporative trials, in which the feed-

water and the dryness of the steam would be measured.

The engines could not be worked, as it would not be

possible for them to use all the steam produced. The claims

of all three makers (and particularly of M. Niclausse), that

their boilers are capable of working at higher rates of com-

bustion than those realised during the trials of the three

above-named cruisers, would thus be substantiated.

Since the reception trials, a boiler on the Friant has

had a slight mishap through a badly welded tube. An

inspection made, without giving previous notice, on the

occasion of change of engineers on board this boat, revealed

the fact that the lower ends of several of the tubes were

clogged with deposit.

Daily experience confirms the opinion that the Belleville

and the Niclausse boilers will stand rough usage and varying

emperatures equally well, and both offer facilities for taking
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apart and repairing, but in this latter respect the Niclausse

boiler is superior to all the others, though it needs particular

attention being paid to proper upkeep. The D'Allest boiler,

the construction of which more nearly approaches that of a

tubular boiler, has not quite the same facilities in this

direction.

171. Comparison of Du Temple and Normand Boilers with

the preceding ones. Amongst the types having accelerated

circulation, the Du Temple and Normand boilers are the only
ones of which any lengthened experience has been obtained

in the French Navy.
These boilers have never been subjected to a comparative

trial with the three types considered in the preceding para-

graph ;
but from a comparison with locomotive boilers, which

they have replaced on board French torpedo-boats, it might
be concluded that they have, at high rates of combustion, a

marked general superiority, both as regards good combustion

and the utilisation of the heat. It is an established fact that

they may be worked at a rate of combustion of 40 Ibs. per

square foot of grate with greater security than boilers with

limited, or even free circulation at 30 Ibs. Remarkable

economical results were obtained from the Forban (see Table,

paragraph 40), and these results have since been repeated in

a number of subsequent tests.

The Du Temple and Normand boilers are inferior to the

preceding ones, especially to the Niclausse, as regards

facilities for cleaning the heating surfaces, inspection, taking

apart, and for repairs. It is found that they have dis-

advantages as well as advantages when applied to large

ships. The proper cleaning of the tubes has an enormous

importance on the coal consumption, especially on a long
commission. This is a point which must be borne in mind

when comparing different types of boilers, and is one in

which boilers of the Du Temple type are particularly weak.
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All the boilers with horizontal tubes are liable to suffer

from the want of head-room over the grate, or of sufficiently

roomy combustion -chambers. The hot gases enter the

tube before they are properly burnt, and smoke and deposit

of soot are the consequence.

It was this fact which largely led M. Joessel to abandon

the use of this type of boiler. Distinct progress has been

made in this direction since then, by the use of the Belleville

economisers, which, though they have reduced the smoke,

have not overcome the deposition of soot on the tubes. The

cleaning of the tubes in this class of boiler, though a com-

paratively simple operation, is a necessary and frequent one.

Boilers with nearly vertical tubes, forming an arch over the

furnace provide the necessary space to ensure proper mixture

of the gases, particularly so when the course of the gases is

carefully arranged. Mr Weir, as noted in paragraph 148,

has practically overcome the smoke difficulty and the deposi-

tion of soot, and thus rendered tube-cleaning when under

way unnecessary.

Whatever may be the inherent advantages and dis-

advantages of the two systems, and upon which engineers

are not yet agreed, the adoption of boilers with accelerated

circulation is an accomplished fact for torpedo-boat destroyers,

scouts, and small cruisers, in fact, in all vessels of moderate

dimensions, necessitating a high speed.

172. Combination of Tubulous and Cylindrical Boilers.

In the French Navy, and in the Messageries Maritimes, the

problem of the complete substitution of cylindrical boilers by
tubulous boilers has been boldly faced. Elsewhere great

caution has been shown, and a partial substitution first made,
both kinds of boilers being placed in the same stokehold.

Such has been the solution adopted in America, for the Ward
boilers in the Monterey ;

in Germany, for the boilers of the

ironclads Kaiser - Friederich ///., and Ersatz - Friedrich - der
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Grosse, and on the cruiser Ersatz-Leipzig, and a choice is to

be made later on between the four types Belleville, Niclausse,

Diirr, and Schulz-Thornycroft, now on trial in four cruisers.

In Holland this solution has been tried on board the cruisers

Holland, Zieland, Friesland, which carry two cylindrical

boilers and eight Yarrow boilers, and lastly upon a training

frigate of the Argentine Republic, which is fitted with

Niclausse and cylindrical boilers.

M. Sigaudy has also fitted on board a tug at Bayonne a

Normand boiler combined with a cylindrical boiler.

This partial adoption of the new boilers would appear not

to have given rise to any inconvenience. The two kinds of

boilers, connected to a common steam -
pipe, work well

together.

The combination of cylindrical and tubulous boilers has

not always been an entire success. In America practice

seems to tend towards the exclusive use of tubulous boilers,

either of the Niclausse or Babcock & Wilcox type as the

result of the trials on the Monterey and Atalanta. In Holland

three cruisers of the Utrecht type, and three cruisers of the

Koningin-Regentes type, which were built immediately after

the Holland type are fitted entirely with Yarrow boilers. In

Germany, however, the system of fitting two-third cylindrical

and one-third tubulous boilers has been continued on the

new battleships, but tubulous boilers alone have been fitted

on the cruisers.



CHAPTER XV

WEIGHT AND SPACE OCCUPIED BY TUBULOUS BOILERS

173. Table of Weights. In calculating the weights of

tubulous boilers, the same division and grouping of the

constituent parts has been adhered to as for cylindrical

boilers, in order to render a comparison of details possible.

The weight of the petroleum burners and other accessories

for mixed firing has been added on the new ships arranged
for mixed firing. These accessories have been added under

heading II.
" Elements depending on the rate of working."

As the stress on the materials is very slight in the

greater number of the constituent parts, and, above all, in

the tubes which constitute the principal portion of a

tubulous boiler, considerations of pressure are hardly

necessary in determining the thickness
;

the question of

durability is of greater importance. The classification

followed, although quite logical for cylindrical boilers, is

therefore rather arbitrary for tubulous boilers. In particular,

it may be remarked that the ratio of weight, P
lf

to the

working pressure, II, is not of much value, but as the

pressure, n, is nearly the same for all the different types
of boilers there is no risk that comparisons based upon
this ratio would be inexact.

It was only possible to prepare tables as detailed as

those given, by borrowing from various sources, and often

by trespassing on the kindness of the makers. A great

many of the figures, which are taken from the actual

finished weights in the shops, are more exact than those

supplied by the contractors with the drawings ;
but it was

not possible to obtain finished weights in all cases.
527
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174. Space Occupied. A Table, similar to that compiled
for tubular boilers (Chapter X.), is subjoined, and gives
the space occupied by the various tubulous boilers referred
to in Table I.

TABLE II.

Type of Boiler.
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PART IV.

CHAPTER XVI.

BOILER MOUNTINGS AND OTHER FITTINGS.

175. Classification of Boiler Fittings. The parts or fittings

classed under boiler mountings are very various, and are

put to very different uses. Some of them form part of the

boiler itself, or at least are fitted to the boiler. Among
such may be named the manhole doors, furnace fittings,

uptake and funnel. Others again are quite distinct from

the boiler, and amongst such may be included the stop-

valves, feed - check - valves, safety-valves, etc. Others are

perfectly independent of the boiler, and may be placed at

some distance from it. Amongst these are fittings directly

dependent upon the engine, and only indirectly so upon
the boiler. For instance, the condenser, though properly a

part of the engine, of which it increases the power, is

nevertheless an essential fitting for the boiler, as it secures

the boiler being fed with fresh water. In this category all

the fittings relative to the feed-water may be included.

We have already described several fittings which need

not be again enumerated here, such as fire-bars, petroleum

burners, forced draught fittings, feed - heaters, air-heaters,

and so forth.

The study of boiler fittings and their construction might
2 L

52
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be dealt with at great length, but a short description of

them, and a statement of the conditions they are designed

to fulfil, must suffice here. Their construction needs great

care, and none of the fittings can be ignored with

impunity.

176. Self-jointing Manholes. The manholes and their

fittings are almost the only accessories that form part of

the actual boiler-shell.

Formerly, with rectangular boilers, the manholes might
be placed in almost any convenient position ;

those to gain

access to the steam space were usually placed on the crown

of the boiler. With the present higher pressures the

number and size of the openings are reduced, and to

obviate, as much as possible, cutting any openings in the

Fig. 241. Fig. 242.

circular shell, the manholes in cylindrical boilers occasionally

are placed on the boiler fronts, and in tubulous boilers

upon the two ends of the cylindrical collectors or steam

drums. These manholes are strengthened throughout their

circumference by a stiffening ring of plate, or, better still,

angle-iron, to compensate for weakening the shell plate,

and to give the stiffness necessary for drawing up the joint.

Where boilers of the Belleville, Niclausse, and Babcock

and Wilcox, or similar types, in which the steam drums

are usually arranged at right angles to the length of the

grate, are built in "battery," the steam drum ends are too

close together to allow the manhole doors to be fitted on

the ends, and these doors have to be placed on the cylindrical

portion.
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The door is always self-closing ;
that is to say, held up

to the joint by the boiler-pressure itself. It is a forging or

stamping placed inside the boiler, and held in position by
a screwed bolt passing through a bridge or "dog," applied

to the outside of the boiler. Fig. 241 shows a type of

manhole and door of an early design ; Fig. 242 shows the

present type, which exhibits a considerable advance on the

former, on account of the increased stiffness of the edges
and the greater facility for machining the same.

177. Furnace and Ashpit Doors. The furnace doors are

MARTIN FURNACE DOOR.
Sect.ion on A B.

Fig. 243x. Fig. 243.

pierced with holes for the passage of air, and fitted on the

inside with perforated baffle-plates to prevent overheating.
In French naval practice the old style of door, turning

upon vertical hinges and closing with a latch, has now
been superseded by the "Martin" door, hung upon a long
horizontal hinge and closing automatically.
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The object of this change is to reduce, as much as

possible, the length of time the doors are open when

stoking.

In British naval practice the furnace door turning on

vertical hinges is still the one most frequently fitted. In

small tube water-tube boilers the axis of the hinge lies in a

ARRANGEMENT OF FURNACE Doon OF TORPEDO-BOAT BOILER.

Section on A B. Front view.

B

Fig. 244A. Fig. 244.

vertical plane, parallel to the boiler front, but inclined

slightly to the vertical in a plane perpendicular to the boiler

front. The door, when opened, thus tends to close by its

own weight. In ships fitted to burn liquid fuel the Martin

type of door is more convenient than the old type, as it

allows more space on either side of the door in which to

place the liquid fuel burners, and they are not likely to

be damaged by the opening and closing of the door.

The new doors open inwards, and tend to close by their

own weight, so that, should an escape of steam take place in

the furnace, the rise of pressure only tends to close them more
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BOAT BOILKR.

firmly. Two stokers are needed for firing, as the doors

require to be held open by hand. This is not a serious

disadvantage, because the fires are never charged together,

ASHPAN DOOR OF TORPEDO- and it does not really entail any
extra work.

The ashpit doors regulate the

supply of air
; they are usually con-

structed with two wings, each one

having a small opening, which is

closed by a "butterfly" shutter.

It is a simple matter to construct

the ashpit doors in such a manner as

to make them close automatically, to

act as a safety device in the event of

an escape of steam. This arrange-

Fig. 245. ment is compulsory on board French

torpedo-boats having locomotive boilers, and is now

becoming general.

178. Funnel Casings and Funnel Covers. With the older

types of tubular boilers having very thick shells, to which the

smoke-boxes were solidly bolted, the funnels were provided

with a seating sufficiently strong to meet all requirements ;

they rose up through their hatchways, and expanded freely,

without more attention being necessary than to take care

the stays were sufficiently slack to allow of expansion on

lighting up.

The funnel casings are fixed, the one to the hull, the

other to the funnel ; there must be contact, but no joint,

between the hull and funnel portions, and they must always
be able to slide freely one upon the other ; no difficulty has

been experienced in this arrangement, either in construction

or working. This simple method is the one most frequently

adopted, especially on passenger-vessels. With closed stoke-

holds, the adoption of forced draught introduces a slight
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complication by necessitating the use of some closing device

in the casings.

On torpedo-boats, the top of the casing is simply closed by
an angle-iron ring, or flanged plate, on the flange of which

the funnel slides when expanding. But, on ships where the

casings have to serve for the escape of the heated air, it is

necessary to fit shutters (Fig. 247).

The introduction of tubulous boilers, having casings of

thin plates not strong enough to stand heavy strains, has

necessitated some modification of the older type, and thrown

upon the hull itself the duty of supporting the greater part of

TORPEDO-BOAT FUNNEL.

SFAX.
FUNNEL CASING WITH SHUTTERS.

Fig. 246.

Fig. 247.

the weight of the funnel, and also the tension of the stays.

In modern practice the boilers only support the lower portion

of the funnel, chiefly the portion where the greatest expansions

take place. The upper part of the funnel, with the whole of

the casing, forms a framework riveted to the surrounding

edges of the hatchways. The two parts of the funnel thus

divided slide over one another, and are united by a very

simple expansion joint packed with asbestos or silicate cotton.

The figure 248 shows an arrangement of this description

adopted on the Friant.
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The whole of the upper part of the funnel thus becomes,

strictly speaking, an accessory of the hull and not of the

boiler.

FRIANT.
FUNNEL STUFFING-BOX.

A

\

Fig. 248.

The top of the funnel should be closed by a cover during

periods of inaction or when laid up, to keep out rain and

moisture
;
the soot, when dry, constitutes a good preservative
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coating, but when damp becomes, on the contrary, an active

destructive agent to the plates. On the older ships it was

thought sufficient to provide canvas coverings, which were

placed in position by being suspended from a stay. In the

French Navy funnel covers of thin plate are now provided,

CHARLES MARTEL.
FUNNEL COVER.

D
Fig. 249.

turning on a hinge, and worked from the deck by means of

chains or rods, as shown in Fig. 249. A flexible roller

shutter of thin plate has also been tried, but its excessive

weight has caused it to be abandoned.

Canvas funnel covers are now adopted in all

ships of the British Navy.

new
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BOILER STEAM FITTINGS.

179- Pressure-gauges and Sentinel-valves. Bourdon pres-

sure-gauges are those most commonly used ; they are most

simple in their manner of working, and the readings are

uniformly reliable
; they are easily fixed, but care should

be taken to place them in a well-lighted and convenient

position.

In the French Navy it is considered essential that an

automatic signal should be conveyed to the stokehold when

the pressure approaches that at which the safety-valves are

adjusted to blow off. This duty is fulfilled by a small

safety-valve, termed a "sentinel" valve, which is fixed on

the boiler-front, having its blow-off pipe carried into the

stokehold. In the French Navy this valve has a diameter

of only T\ of an inch. The valve seat is flat, and the load

is adjusted by means of a spring, in the same manner as

the main safety-valve. The valves are also closed up in

such a manner that the load on them cannot be tampered
with. Under these conditions the guarantee of their reliable

action is precisely the same as for the main valve. The sole

object of these sentinel-valves is to prevent the lifting of the

main safety-valve through unforeseen excess of pressure.

In the American Navy these sentinel - valves, instead of

being loaded by a spring, are directly loaded with

weights placed upon the valve spindle. Many engineers
have more confidence in the direct action of weights than

in springs. On the other hand, the weights, although
597
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having a decided advantage on shore, have at sea the

great disadvantage of allowing the valves to blow off at

varying pressures when the ship is in a rough sea, due to

the inertia of the weights ;
this has led to direct weights for

safety-valves and sentinel-valves being abandoned in the

BOUVET
DOUBLE SAFETY-VALVE.

Fig. 250.

a. Easing levers.

French Navy. The use of sentinel-valves was discontinued

in the British Navy about twenty years ago.

180. Safety-valves. Calculation of their Area. Although
for regulating the water-level it is generally considered

sufficient to rely upon the man in charge adjusting the feed

by hand, for the pressure, on the contrary, it is absolutely

necessary to have an automatic regulator, and this is fulfilled

by the safety-valve. The safety-valves of marine boilers
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were, years ago, loaded by means of a counter weight acting

upon a lever
;
several valves of this type are still in use. The

variations in the weight tending to keep the valves shut,

which we have alluded to above, led to the counter weight

being replaced by two steel spiral springs. The heads of

the two springs pull on a cross-bar, pressing directly upon
the valve spindles ; stop rings are fitted in such a manner

as to prevent the springs being strained beyond the tension

corresponding to the boiler pressure.

Arrangements are always made to allow the safety-valves

being eased off their seats by hand, at all pressures. With

the older types the counter weight was eased by means of

a pedal attachment worked by a screwed rod. With spring

safety-valves the easing gear is arranged so that the cross-

bar or yoke is lifted by means of a lever and a screwed rod.

The hand-easing gear must always work freely and quickly.

Upon all ordinary occasions it must also be capable of easing

the valves slowly and gradually, because any abrupt fall of

pressure is very liable to start priming ;
on the other hand,

should an accident occur, it may be necessary to be able

to lift the valve with all possible speed.

The waste-pipe from the safety-valves is, in French

practice, frequently led into the condenser, and not into the

open air. This causes a slight complication in the pipe

arrangement, but is more than compensated for by important

advantages : the loss of fresh water is obviated, and also the

deafening noise of the steam escaping from the waste-pipe

above the deck
; besides, in case of leaks, the outlet into the

condenser prevents the steam from getting into the stokehold.

It has the disadvantage, however, that any leakage from the

safety-valve is not readily apparent. The same result as

regards prevention of waste of fresh water is obtained in

British practice by fitting a "silent blow-off" consisting

of a pipe with an ordinary screw down valve in it connecting
the main steam pipe with the condenser.
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The area of escape of the valves must be sufficient to

allow free passage, under full working pressure, to all the

steam the boiler can produce when the engines are stopped.

The Board of Trade rules require an evaporation trial

lasting twenty minutes, with the fires pushed and as little

feed as possible. In France, however, it is considered

sufficient to require a minimum area, determined by

empirical formulae, of which many exist.

The rule usually adopted in France was established

by supposing the rapidity of escape to be determined by
the formula

(i) V
in conjunction with the expression

1000
(2) H = io. 33-g-/

in which H is the height of the gaseous column, 8 the weight
of a cubic metre of gas in kilogrammes, / the pressure in

atmospheres ;
then according to the laws of Mariotte and

Gay-Lussac for gases,

(3)
s = 1-293 (A+i)rq^ /

.

where a = 0.00365.

ft being the sectional area of the orifice, the volume

flowing per second is fiV, and its weight is

(4) P = ftVS = P-S
^ 2gx I0>33 .^ =flx 10,330/0 8

or by substitution

(5) P=*\2 <rx io, 33ox 1.293

Representing the constants by

10,330x1.293
T

then

(6) P = M fl./A(A +0.V i + at

Admitting, on the other hand, that the weight p of steam
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produced per second is proportional to the Heating surface

S (in square metres), then M
l being a new constant,

(7)

(8)
12 = i D2 = ^ SJ l + at

M V A(A+0
from which M

2 being a factor containing only constants, is

deduced

.

where approximately, in modifying the constant to bring in

the factor i+at assumed to be constant, and in replacing

A+ 1 by / then

(10) D =

The following empirical formula has been arrived at by

experience, the pressure being stated in atmosphere

D = i.3v/_

A + 0.588

Calling P the absolute pressure / + i, the formula may
be written

-
.4i2

As a precaution, the diameter D is doubled, thereby

quadrupling the area, which gives the formula at present in

general use in France

-
.4i2

thus ensuring a rapid fall in pressure when the valves are

opened.
The formula (13) was employed in the French Navy for a

long time, and is still sometimes used
; but, independently of

the small amount of value to be attached to the theoretical

principles upon which it is based, it gives the value of D in



542 MARINE BOILERS [CHAP.

terms of the heating surface, which, in marine boilers,

represents very inadequately the power of steam production.

At the present time another formula is in use at Indret,

introduced by M. Brosser, where if /> is the quantity of steam

in kilogrammes per second escaping from an orifice of area

ii, we have

(14) P= I2 (25.5+I44-5 P
)

(i4A) P =fl (170+144.5/0),

P and pQ being taken in atmospheres. The production of

steam per second of the boiler is always approximately,

8G C

G being the grate area in square metres and C the coal

consumption in kilogrammes per hour per square metre of

grate. M. Brosser thus arrives at an evaporation of eight

kilogrammes of water per kilogramme of coal, a fairly

accurate figure, though low for modern practice.

The equation

(16) n (170

gives for the diameter expressed in metres the value

GC
170+144.5/0

M. Brosser assumes a constant value for C equal to 80

kilogrammes per square metre per hour, on the assumption
that the forced draught can be stopped instantly when it

becomes necessary to get rid of the steam. In giving C this

value, and in substituting the effective pressure / in atmos-

pheres for the pressure pl
in kilos per square centimetre, the

formula becomes

[8)

i75-6i + 144-5 P

Trials made at Indret have proved that the formula (18)
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gives areas capable of allowing the passage of twice the

amount of steam produced by quick fires and natural draught.

By means of this formula the diameters of a series of valves

have been determined which suffice for all sizes of boilers.

It is necessary, in order to get convenient sizes, to reduce

the diameter D and make the valves double, that is to say,

to arrange two valves side by side having one steam inlet

and escape-pipe common to both.

The method of specifying safety-valve area for British

naval boilers is arrived at from the law which has been

tested experimentally that the quantity of steam discharged
in pounds per second through an orifice one square inch in

p
sectional area is equal to where P is the absolute pressure

in pounds per square inch.

The lift of the valve is limited to one-fortieth of its

diameter when discharging all the steam which the boiler

is required to produce to maintain full power. It is assumed

that 20 Ibs. of steam are required per I.H.P. per hour, and

as a certain definite heating surface is specified per I.H.P.,

the quantity of steam required to be produced per square foot

of heating surface is known, and hence it is possible to

express the safety-valve area in terms of the absolute

boiler pressure and the heating surface.

Let S be the heating surface per I.H.P., then the

quantity of steam produced per square foot 6f heating

surface = ~r per hour or -^ ^ Ibs. per second. If A
S 3000 b

be the sectional area of flow required, the quantity of

steam discharged per second equals

AP
70

'

But the lift being limited to one-fortieth of the diameter,

the area of flow is only one-tenth the area of the safety-

valve orifice. Hence the area of the safety-valve orifice



544 MARINE BOILERS [CHAP.

A
(or orifices) A is such that * = A. Equating the rates

of generation and discharge of the steam we have

A! P _ 20

700 3600 S '

or,

A i4ooo
1

36ooxPxS'
which gives the disc area of the safety-valves per square

foot of heating surface. Thus with a boiler pressure of

300 Ibs. absolute and with an allowance of 3 square feet

of heating surface per I.H.P. (i.e. S = 3)

A! ='00433.

Therefore a boiler with one-thousandth square feet of

heating surface under the above conditions would require

a disc area of safety-valve of 4.33 square inches, or a valve

about 2 inches diameter.

It is to be noted that in naval boilers S varies with

the type and also with the nature of the draught ;
a boiler

with forced draught having naturally a smaller allowance

of heating surface per I.H.P. than one with natural

draught.

181. Safety-valves with High Lift. It is assumed in the

preceding formulae that the lift h of the valve gives an area

of escape, TT D ^, at least equal to the area \ * D 2
,
that is

to say,

h ^ i D.

When the lift of the valve has been determined in such

a manner as to fulfil this condition, it is a somewhat difficult

problem to obtain the maximum lift and at the same time

ensure that the pressure does not rise sensibly above / , since

the springs being short, their tension increases very con-

siderably with the lift of the valve. The problem is solved

by utilising the reaction of a jet of steam projected at great
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velocity against an obstacle which deflects it. Fig. 251

shows the form of valves adopted at Indret. In addition to

the dynamic reaction exercised against the valve and its

flange, as soon as the steam commences to escape a certain

static effort is exercised on the flange. The extra tension

on the spring is thus counterbalanced, and the valve gets

its full lift.

The Figs. 252 and 253 represent other forms of valves

where, to arrive at the same result, the dynamic action alone

is made use of.

The actual valve face is not acted upon by the pressure

when the valve is shut but is subjected to it when the valve

Fig. 251. Fig. 252. Fig 253.

lifts
;

there are therefore two pressures, the pressure of

opening and the pressure of closing. Formerly, with the

conical seats, the pressure was calculated on the larger

diameter, the working pressure being the pressure at which

the valves would close
;
the ratio of the two surfaces was

equal to 1.17, and therefore boilers calculated for a working

pressure of 32 Ibs. should not have blown off until a pressure
of 37 Ibs. was reached

;
as a matter of fact, the valves lifted

at about 35 Ibs., commenced beating, and were barely closed

when the pressure had fallen to 32 Ibs. At present the

weight on the springs is calculated from the small diameters

and made equal to i .05 sp^ ;
that is to say, greater by 5 per cent,

than the nominal working pressure. The valve seat is flat
;

the width of the seating is reduced to about /Tths of an inch, or

3
a
jnds of an inch at most, so as to make the boring or grinding

2 M
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in of the seats and valves an easy matter
;

it also reduces

the difference between the opening and closing pressures,

and consequently reduces the amount of beating on the seats.

The grinding up of the seats and valves must always be done

with great care. Formerly, with the large conical valves, it

was necessary to turn and bore them while hot, on account

of the deformation of the valve chests, due to expansion,

and absolute tightness of the valve was very rarely realised

in practice. Safety-valves must always be under careful

supervision ; they should be eased from time to time in order

Fig. 254.

to get rid of dirt and scale which otherwise might cause the

working pressure to be exceeded by several pounds. The

valves, as well as the seatings, are of gun-metal, in order

to avoid trouble through oxidation. The valve chest itself

is either of cast iron, or, preferably in modern practice,

of cast steel.

182. Stop-valves. Sluice or Regulating Valves. The stop-

valves are fitted upon the boiler itself, and are designed to

control the passage of the steam from the boiler to the whole

of the steam piping. Similar valves are fitted upon the
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communication pipe leading from one boiler to another.

Stop-valves must be above all simple in construction and

certain and quick in action. The stop-valve should be

constructed to shut automatically in the event of any
considerable fall in pressure in the boiler upon which it

is fitted. This arrangement is stipulated for in the Royal

Navy, the type of valve being illustrated in Fig. 254.

The screwed spindle regulates the lift of the valve only,

and is hollow, the valve spindle passing through it.

In France ordinary stop
- valves have been largely

replaced by sluice- or gate -valves, as the latter are con-

Fig. 255A. Fig. 255.

sidered somewhat tighter. Since 1896 the boilers con-

structed at Indret have been fitted with sluice - valves,

having on a prolongation of the vane or gate an independent
valve which lifts automatically as the pressure in the boiler

rises, and shuts in a similar manner when the pressure
falls. This arrangement is now being generally adopted.

In order to meet the case of an accident, whether in

the boiler itself, or in a neighbouring boiler, or in the

piping or engines, Mr Hutcheson has brought out the

valve shown in Fig. 255, in which, besides the main
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hand stop -valve B, there is an additional valve A.

Under ordinary working conditions, the valve A, which

has the full pressure on both sides, is kept open by the

action of a spring. The hollow valve -spindle carries a

piston, which has the same pressure on its lower side as

on the lower side of the valve. The upper side of the

piston has the full boiler pressure supplied through pipe
C. When the pressure on the lower side of A falls through

any accident occurring in the piping or elsewhere, the

difference of pressure on the piston causes the valve A to

shut. The auxiliary pipe D serves to warm up the

piping, raising the pressure and causing the valve A to

lift from its seat before the main stop-valve is opened.
The use of this type of valve renders the ordinary

automatic stop -valve unnecessary. In the case of an

accident to one of the boilers, all the other boilers are

immediately isolated instead of emptying themselves as

they would otherwise tend to do. The engines stop, and

remain stopped until the injured boiler is shut off by hand

by means of its own main stop-valve. The drawback to

this type of valve is that it is unfortunately somewhat

complicated and not too certain in its action.

The stop-valve upon the boiler and the throttle-valve

on the engines were for a long time the sole means of

shutting off steam from the steam-pipes. The stop-valves,

which are considerably tighter than the throttle - valves,

are capable of preventing the passage of sufficient steam

to move the engines, but leak enough to be troublesome

when disconnecting the pipes or opening up the engines

under steam.

During the last ten years it has been usual to fit a

valve, similar to a sluice - valve, in addition to the stop-

valve, which is capable of being wedged tightly up into

its conical seating, and is perfectly steam-tight.

There are many different types of these valves, but
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they all work upon the same principle ;
the spindle

causes, in the first place, the bodily movement of the

plug, then its tightening in the seat when being shut
;

upon opening, the first motion is the loosening of the

wedge-like plug, then the movement of the whole plug.

This arrangement requires great care both in the con-

struction and fitting.

The Ciron valves (Fig. 256) are subject to an additional

CIRON VALVE. MULLER VALVE.

Fig. 256. Fig. 256A.

wedging action on the first movement of the spindle, which

renders the opening somewhat difficult
;

the Muller valve

(Fig. 256A.) is a more reliable type. On account of their

complication, this description of valve is not used on pipes
of a lesser diameter than about 2^ ins.

Owing to the large flat faces of the conical plug and

its seating, the fatigue of the material due to the steam

pressure, and the strains set up by the longitudinal

expansion of the steam pipes, are very great.

The earlier types, made with cast iron chests similar

to stop-valves, have given rise to serious accidents, attended
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in some instances with fatal results. Modern practice con-

structs these chests in gun-metal or cast steel, steel being
used when the temperature of the steam approaches 360
Fahr. A spherical form of chest has also found favour,

and great care is exercised to allow of free expansion of

the piping in the expansion joints near these valves, with

the result that there is a comparative immunity from

accidents.

Notwithstanding these improvements, the multiplication
of safety fittings is not without its inconveniences. Safety

appliances, owing to the accidents to which they are

themselves liable, constitute a certain element of danger.
There is now a strong tendency towards simplification,

and attempts have been made to reduce to two the three

separate systems of piping recently fitted on some boilers,

of which one set was for the main engines, the second

for their auxiliary apparatus, and the third for the various

separate engines, such as dynamos, winches, pumps, etc.

An automatic valve which shuts off the steam in the

event of any serious leak, would be a safety fitting of

great value.

183. Reducing Valves. Under this heading are classed

a large number of apparatus in general use, apart from

the engine itself, for supplying, at a lower and determined

constant pressure, the gas or steam produced by a reservoir

at a higher pressure.

The principle of the apparatus is as follows :

The regulating valve is pressed from below by the

engine steam, above by a resisting spring, the tension of

which is set according to the working pressure desired
;

it

is in no way subjected to the boiler pressure. The ports

are sometimes arranged round a sleeve and their opening
is regulated by the tension of the spring. Consequently,
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as soon as the pressure falls on the engine side, the

admission is increased and brings the pressure up to its

normal amount.

The reducing valve works, therefore, like a kind of

automatic governor, but with the advantage of rendering
the speed more constant than with the ordinary governor.

Taking, therefore, an engine working at 170 Ibs. per

square inch, and receiving, through a reducing valve,

steam from a boiler working at 240 Ibs. per square inch,

and supposing that the production of steam accidentally

falls, the speed of the engine will not be influenced as

long as the pressure in the boiler does not fall below

170 Ibs., that is to say, so long as the engine has

not consumed = of the steam in reserve
; but

240 24

irregularities in working are, generally speaking, of short

duration, and do not give rise to variations in the steam

production as great as the above.

The reducing-valve is an essential fitting to the Belleville

boiler, the working pressure of which is generally about

240 Ibs. per square inch, whilst the pressure at the

engines, dependent upon the speed required, does not

usually much exceed 170 Ibs. They have now been in use

for over twenty years on these boilers, as the small volume

of the steam-collecting drum renders the engine particularly

sensible to the least variation in the production of steam.

Its effect is totally to neutralise the influence of variations

of pressure up to 70 Ibs. per square inch, which corresponds

in boilers without reducing-valves, having a steam chest

ten times larger, to variations of 7 Ibs. only for the same

irregularity of firing.

The reducing-valve, in preventing variation in the speed

of the engine when the pressure rises, prevents in an effectual

manner the tendency to prime, to which the Belleville boiler

was for a long time especially subject. On the Belleville
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boilers they are placed on the main steam-pipe, after the

steam separator.

Reducing-valves, in common with all fittings that give
rise to wire-drawing, produce slight superheating, equal,

BELLEVILLE REDUCING VALVE,
for saturated steam, to half

the fall in temperature, de-

pendent on the fall in pres-

sure.

The reducing- valve is

not suitable for effecting

the instant changes in

speed which are frequently

required in the engines on

a warship. Though, in the

French Navy, the use of

reducing valves is general
in ships fitted with tubulous

boilers, the tendency in the

British Navy is rather to

dispense with such fittings,

as, though advantageous in

themselves, they require

considerable attention to

keep in order and add to

the general complication.

It is doubtful whether the

advantages of a reducing
valve balance its disadvan-

tages, and in some British

ships fitted with Belleville
Fig. 257,

boilers the reducing valves have been removed.

184. Steam Piping. Expansion Joints. Steam Traps.

Copper steam -
pipes, which replaced the early cast iron

piping, satisfied for a long time the requirements and
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necessities of marine work. The material was easily

worked, of lasting quality, and of sufficient strength to

withstand the pressures and temperatures used. The

failure of copper pipes of large diameter was, however,

always a danger to be feared. They ruptured, not at the

brazing itself, but close to it, due to local heating similarly

to the fractures that occurred in welded furnaces. Copper
is generally used for the exhaust pipes to the condenser. All

that is necessary, in order to give them the requisite

elasticity, is to form on them a bellows-shaped swelling as

illustrated in Fig. 259. The adoption of high pressures

has rendered the strength of copper pipes insufficient, not

so much on account of the increased stress on the metal,

as from the deterioration which takes place at or about

a temperature of 400 Fahr.

Remedies for this failing have been sought in strengthen-

ing copper pipes either with iron rings placed close together

on the pipe, or by completely binding it with steel or iron

wire so arranged that the rupture at one place does not

loosen the whole coil.

At present large main steam-pipes are usually made of

steel, with riveted joints. The flanges, T-pieces, bends,

etc., are usually made of cast steel. British naval practice

as regards steam-pipes is to make them of solid drawn

steel when obtainable, or failing that of lap-welded iron

tubes, but with a butt-strap riveted over the weld.

The tensile strength is thus assured but the upkeep

requires great attention, and their life will probably not

be greater than that of the steam-collectors of boilers of

similar diameter and thickness. After six years' service

the results obtained are reassuring. In the tubes examined,

the interior surface appeared to be smooth and a trifle oily.

Despite all these precautions, a watchful eye must always
be kept on the piping by the engineer.

When the main steam-piping is composed of welded
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tubes, a riveted cover-joint is sometimes, as a matter of

precaution, placed over the weld. Weldless drawn tubes

of larger and larger diameter are daily coming into more

general use.

Drawn tubes are now obtainable fitted with flanges,

without the metal having been thinned down, and may be

conveniently used to replace the welded on flanges. When
separate flanges have to be used, the best method of attach-

ing them is by screwing. Flanges with spigot joints are

Fig. 258.

now very generally used, and Fig. 258 shows the type

of joint used at Indret. Keeping the flanges tight is

one of the causes that limits the pressure in water-tube

boilers.

The principal cause of fatigue which has always to be

feared in steam -
pipes, no matter of what material they

may be constructed, proceeds from expansion. This is

sure to lead to ultimate rupture of the pipe unless proper

means are provided to take it up.

When using copper, much was expected from the

flexibility of the metal itself. On the low-pressure exhaust
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to the condenser the pipes were sometimes shaped as

shown in Fig. 259, but when so fitted it has been found

necessary to anneal the pipes occasionally as the continual

working of the bellows-shaped part of the pipe, due to

expansion and contraction, causes the material to fatigue

somewhat rapidly. On steam -pipes right-angled bends

are more often resorted to, to give the desired flexibility,

but the bends are still apt to give way at the collar, where

the flange is rigidly fixed. On long lengths of straight

piping, expansion joints, as shown in Fig. 260, are used,

but they sometimes get jammed and fail to act, and have

been the cause of fracture in pipes, the high temperature

EXPANSION JOINT.

Fig. 259. Fig. 260.

of which has rendered the metal forming them brittle.

Though with steel pipes of short length and large diameter

expansion joints are the only practical means of taking

up expansion in the piping, it is possible in long

lengths of comparatively small diameter to provide for

expansion by curving the pipe to a large radius. This

arrangement has been adopted wherever possible in all

recent British naval vessels, and expansion joints are only
fitted on the straight lengths forming the steam mains

;

the separate branches to the different boilers being bent

to a large radius.

It is essential to secure, and make provision for, the

drainage of any water that may find its way into the piping,
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more especially where a change of direction in the piping

might form a pocket.

In spite of all precautions taken to ensure dry or super-

heated steam for the engines, condensation is sure to take

place in the piping, sometimes in considerable quantities,

more particularly when the engines are standing, or

during warming up before getting under way. If steam

is suddenly admitted into the piping it meets there a mass

of cold water, which causes it to condense, and to which

it transfers its heat and energy. The mass of water thus

put in motion, assisted by the incoming steam, may give
rise to local shocks, which severely strain the piping ;

it

may even subject the metal to stresses higher than those

to which it was subjected during the hydraulic tests.

This explains the rupturing of the pipes on starting up
the engines, which has sometimes given rise to grave

consequences. The bending over the sides of the fracture

is evidence of the intensity of the shock which caused it.

The engineer in charge must always be most care-

ful to drain his piping thoroughly before starting his

engines.

185. Separators and Superheaters. The fittings used to

transform into dry steam the more or less wet steam that is

given off by the boiler may be divided into two classes :

(a) Those that dry the steam mechanically ;

(b) Those that dry the steam by adding heat thereto.

The mechanical steam -dryers are all based upon the

same principle, viz., of causing the steam to make a

sudden change in its direction, thereby depositing the

water, owing to its greater momentum, on the walls of

the apparatus.

The separators used by the Belleville boilers, and form-

ing an integral part of the same, extract a large amount
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of water, and prevent it passing into the piping. They are

described in paragraph 108, and shown in Figs. 142, I42A.,

143, I43A. Separators are usually placed near the engines
to stop any water coming over from the boilers, or that

may have been condensed in the piping itself, from rinding
its way into the engines. They
are almost universally employed
with tubulous boilers, and often

with cylindrical boilers. Separators

are generally composed of a vertical

cylindrical reservoir with a baffle

down the centre, which forces the

steam to take the course indicated

in Fig. 261. The water thrown on

to the sides of the vessel collects

at the bottom and is drawn off by
a trap or drain-cock, a gauge-glass

being fitted to indicate the height

of the water in the separator.

As any neglect in draining this

vessel might lead to serious con-

sequences, it is advisable to fit a Fig. 261.

reliable automatic trap. The Belleville boilers in particular

adopt this automatic arrangement, as shown in Fig. 262,

where the float, instead of acting direct on the drain-cock

itself, works a small steam piston, which in its turn works

the draining gear.

Frequently the fittings described in paragraph 194 as oil

separators, and shown in Figs. 289 and 290, are used as

steam-dryers, being placed close to the engines on the main

steam-pipe.

Separators must not be confused with traps, or receivers

for collecting condensed water, into which the discharges

from neighbouring traps are led, when they are situated

too far to discharge direct into the condenser. This class
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of receiver is being fitted in connection with auxiliary

machinery situated at a distance from the main engine-

room, and may sometimes be of considerable dimensions.

They should be fitted with gauge-glasses, but not with

automatic discharge cocks.

Those separators which work on the principle of adding
heat to the steam are known as steam -

dryers or super-

heaters according to the quantity of heat which it is

intended to add
;

that is to say, according as it is

desired to obtain dry saturated steam, or steam heated

some degrees above the point of saturation. There is,

after all, not much difference between the two, except for

the amount of surface, and they usually form a kind of

supplementary boiler placed at the base of the funnel.

The boilers designed by M. Dupuy de Lome were

fitted with superheaters on this principle (Fig. 263), but

they were of little use.

Lafond superheaters were tried at about the same time

and were composed of large bent tubes fitted into the

base of the funnel (Fig. 264).

The apparatus was heavy, occupied a lot of space, and

was of very little good, being taken out after it had been

in service for a very short time.

Steam being a bad conductor, necessitated the use of

large surfaces, which entailed heavy weights and the

occupation of a large amount of space, and this has led

to the complete abandonment of superheaters on board ship,

in spite of the theoretical advantages of superheated steam.

If the study of superheating is taken up to-day, it will

be under very different conditions to those obtaining in the

early days. We are no longer content with a small rise

of temperature to counteract the cooling action of the

cylinders. This small rise did not show any saving, and

could not, according to the mechanical theory of heat,

be expected to do so,
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Fig. 263.

A.. Passages for the hot gases, B, Inspection or manhole doors.
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The use of mineral oils has permitted a change to

be made in this direction, but the possibility of being
able to carry out a satisfactory installation on board, has

not yet been proved.

On land one is less cramped for space and weight, and

the trials with superheated steam have not had to be

abandoned.



CHAPTER XVIII.

FEED ACCESSORIES.

186. Water-gauges. Gauge-cocks. The question of the

quantity of water in all marine boilers is one of special

interest, not only in tubulous boilers, but in those of

cylindrical form, as the importance of keeping down weight
on board ship has a tendency to reduce to a minimum the

amount of water allowed, and thereby lowers the water-

level in the boiler. In cylindrical boilers the normal water-

level is usually about 8 ins. above the top of the combustion-

chamber. The majority of serious accidents of which the

cause could be determined, have been due to the lowering
of the water-level. For instance, on the torpedo-boat No.

122, where the splitting of the crown of the furnace caused

the death of a stoker, it was proved that the water-gauges
were not registering correctly. On the Wattignies, in the

same way, it was proved that when a Fox furnace collapsed

the water was very low at the time.

The water-level is generally shown in a glass tube

called a gauge-glass. It is essential that the water in

these gauges be protected from the agitation caused by
ebullition

;
that it be free from suspended matter, which

might be deposited on the surface of the glass ;
and lastly,

that the temperature be kept down, in order to avoid the

glass breaking, owing to the cold currents of air in the

stokehold. To ensure these conditions the gauge-glass
is fixed, not to the boiler itself, but on a brass column

called the gauge-column, standing quite clear of the boiler,
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to which it is attached, and with which it communicates

by two copper tubes of considerable length, the top one

going to the steam-space, the lower one to the water-space.

These two pipes are fitted with cocks or valves.* The gauge-

ORDINARY WATER
GAUGE.

(French pattern.)

LOUPPE WATER
GAUGE.

HOPKINSON'S AUTOMATIC
WATER GAUGE.

CUD

Fig. 266. Fig. 267. Fig. 268.

column sometimes has two gauge-glasses of different lengths

(Fig. 266).

The glass tube fits into brass sockets communicating

* This differs materially from British practice where the connections

to this boiler are as short and direct as possible, and no cocks or valves

other than those used for blowing through the gauge are permitted.
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through two cocks with the gauge-column. The handles

of these cocks, which are connected by a rod, are so arranged
that they cannot close automatically, and have to be raised

to shut them. The upper end has a screw-plug for insert-

ing the glass tube and a drain-cock is fitted at the bottom
;

two small stuffing-boxes, one at each end of the glass tube,

complete the apparatus.

Care must be taken that the tubes and passages are all

kept clean and clear, and engineers should be drilled to

shut the cocks as sharply as possible when a glass breaks

and so prevent the filling of the boiler-room with steam

and the consequent panic which so often occurs, especially

among inexperienced stokers.

There are two ways of preventing the dangers arising

from a broken glass ;
one is to protect it by a cover, the

other is to make the apparatus self-closing. An example
of a protected glass is shown in Fig. 267, this being the

Louppe system, in which the water-level is seen through
a second glass cover. An example of a self-closing apparatus
is given in Fig. 268 a design in which the passages are

closed by balls driven on to their seats by the sudden rush

of water. In the first system it is difficult to see the water,

and in the second there is always the fear of the passages

becoming blocked. Up to the present time no device has

been designed which can be said to

give complete satisfaction.

The gauge-glasses on large

cylindrical boilers have by force of

circumstances to be placed high

up, and cannot always be easily

seen from the stokehold floor. To
render the water-level more easily

visible, gauges of the Klinger type invented by M. Lavezzari,

of Paris, have been used. This ingenious type of gauge-

glass consists of a flat sheet of glass, striated on the inside,
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backed by a curved metal casing (Fig. 269). The water

appears dark while the steam-space is quite light.

The water-level in the gauge-glass is not the same as

that of the boilers : there are several reasons for this

difference.

In the first place, the water in the gauge-column and

its connections is colder, and consequently more dense,

than that in the boiler. For a difference of 180 Fahr.

the density of the water in the gauge-glass is 1.045 times

that in the boiler
;

this in 6| ft. may therefore make a

difference of 3^ ins. in the level, that in the gauge being
the lower. Although the difference of temperature would

probably not amount to 180 Fahr., nevertheless it is not

advisable to make the height of the column of water more

than 6| ft.

In the second place, if the density of the water in the

boiler is high owing to condensation, the gauges are

continually being replenished with pure or fresh water,

and there is a tendency to a condition of things the

inverse of the preceding one. For instance, if, while the

water in the boiler marked 2 on the salinometer, and the

water in the gauge-column were quite pure, the ratio of the

specific gravities would be i.ooo to 1.052 ; consequently, for

a column 6| ft. high the level shown in the gauge-glass
would be 4 ins. too high. Tubulous boilers are almost

free from this defect owing to the purity of the water

it is necessary to use in them.

These two causes of error, of opposite effects, in the

indication of the water-level are the only ones to which

tubular boilers are exposed. The amount of error can

always be determined by using the gauge-cocks. In

tubulous boilers, where there is a rapid circulation, a

much more serious cause of error arises, due to the

differences of pressure existing in the boiler balancing the

inertia of the columns of water in motion. It is this
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action in the Belleville boiler by which, as the proportion

of steam increases and the upward velocity is accelerated,

the pressure in the lower drums is increased, and is

indicated by a rise of water in the gauge-glass of 4 ins.

or even of 8 ins. above that in the boiler. In the D'Allest

boilers there is, in addition, a deformation of the surface

of the water which causes the indications of even the

gauge-cocks to be inaccurate (see Fig. 154).

It should be noted that if the openings are not kept

clear, throttling of the steam passage may produce a

marked depression owing to the condensation in the

interior of the tube. M. Zieger made some convincing

experiments at Cherbourg on gauge-glasses in which the

section of the steam opening could be varied from 3.89

ins. to .03 sq. in.
;

the depression varying o to 5^ ins.

In boilers with accelerated circulation the gauge-glasses

may be placed direct on the upper drum without the

intervention of a gauge-column.
The gauge-cocks, principally intended as checks on

the water-gauges, are three in number, and are fixed to

the front of the boiler
;
one is at the normal water-level,

the second 4 ins. below, and the third 4 ins. above this

level. They are easily kept in order, and never deceive

an experienced hand : to the novice they appear to invariably

eject nothing but steam.

The lower gauge-cock can also be used for drawing off

water for testing the density of the water in the boiler.

Small needle valves are sometimes fitted as gauge-
cocks.

Fusible plugs have been fitted to indicate when plates

become overheated, but they are not in general use in the

French Navy. The fusion of a plug is a very serious

matter, as the damage cannot be made good without

drawing the fires
;
and where one boiler only is employed,

the safety of the vessel itself might, under certain circum-
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stances, be jeopardised by the action of this "safety"
device.

It has been shown (paragraph 118) that fusible plugs were

used for a time on the D'Allest boilers
; none, however,

were fitted on the boilers of the Jaureguiberry, where the

overheating, which caused the bursting of a tube, would

probably not have fused the plugs.

The warning or alarm whistle, actuated by a float,

has never been applied to marine boilers.

187. Feed-water Inlet. Hand Check-valves. The method

of introducing the feed water into the boiler is an

important matter. By forcing the water into the steam,

in the form of a fine spray, the air is got rid of, and salts

insoluble at high temperatures, such as sulphate of lime,

are immediately precipitated ;
on the other hand, by

introducing it in a body into the water, useful currents

may be set up, or existing currents be assisted. For

cylindrical boilers, the first method is adopted in the

French Navy ;
the second, in the American Navy.

Amongst tubulous boilers, the first method obtains in

the Belleville
;

the second, in the Normand boilers. It

is imperative that the feed-water be delivered in the main

drum, in those tubulous boilers where there is a main

drum common to several furnaces, in order to simplify,

as far as possible, the feed pipe and the regulating of

the feed check-valves.

On the front of the boiler, close to the feed-water inlet, is

placed the apparatus for regulating the level of the water.

The level of the water is always regulated by simply

altering the section of the inlet. In the case of pumps
driven direct from the main engines, should too much water

be delivered, the excess is returned by means of a loaded

bye-pass valve to the hot well or feed-tank. In the case

of the Weir and similar types of pump the increase in
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resistance due to closing the check-valves, serves to slow

up the pump.
The feed supply is generally regulated by a so-called feed

check-valve, which is raised by the water on entering, but

does not allow it to return. The section of the inlet is

increased or diminished by raising or lowering a hand-

screw, to regulate the lift of the

valve. The type adopted in the

French Navy as a hand feed-check

is the one known as the "Indret"

model. In this, the valve is placed

in the plug of a cock or tap, as

shown in Fig. 270. By closing the

cock the valve is cut off from the

boiler, and can therefore be detached

for inspection and cleaning.

A certain amount of regulation

by hand is always necessary when

several boilers are fed by one pump
or from one common feed-pipe. In fact, if there exist slight

differences of pressure in several of the boilers as often

occurs the valves will open widest at the boilers where

the pressure is least, and will remain closed at the others
;

but it may so happen that while the water is low in all the

boilers water may be most urgently needed in one of the

boilers where the pressure is greatest.

188. Automatic Feed-water Regulators. The adjustment
of the feed is very much facilitated where the regulating

valve is actuated by a float. This arrangement is more

particularly of use on tubulous boilers, where the slightest

delay in the admission of the feed may cause a dangerous

drop in the level of the water in the boiler. It is also

to be recommended on large vessels, where attention has

to be divided amongst a large number of tubulous boilers.

Fig. 270.
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BELLEVILLE AUTOMATIC FEED-REGULATOR.

Automatic regulators were introduced into the French

Navy by M. Belleville. Fig. 271 shows the design now
in use on his boilers,

which has varied but

little since its first intro-

duction. The valve is

controlled by a lever

acted on by two opposite

forces, the one a spring

tending to shut it, the

other a float which opens
it as the water-level falls.

A special rod works the

lever to allow of opening

by hand, independently
of the float. The vessel

in which the float works

is placed on the column

leading the water from

the separator to the feed-

collector.

The pressure in the

feed-pipes of the Belle-

ville boilers is about 120

to 150 Ibs. above that in

Fig. 271.
the boilers themselves.

A great number of

various designs of automatic feed regulators have been

brought out owing to the development of tubulous boilers.

Figs. 272, 272A, 2723, and 273, show examples of two

designs, one with a plug, the other with a slide valve.

They are not novel in principle, and were designed by
M. Sigaudy for the boilers of the Jeanne d'Arc.

In Fig. 272, which has a plug, the hand regulator is

worked by altering the opening by means of a sleeve.
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Fig. 272A,
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working on the outside of the plug actuated by the float

(Fig. 272A).

In the design with a slide valve (Fig. 273), all that is

needed is to alter the length of the slide rod. This type

was fitted on the Chateau-Renault, only a double-seated valve

was used instead of a slide valve. The general arrangement
can be seen in Fig. 273, from which it will be gathered

Fig. 273.

that the apparatus can be placed at any height. The

bottom part of the vessel is connected with the upper drum
of the boiler at or about its normal water-level, while the

top of the vessel is connected by a small pipe to the

condenser.

The Thornycroft regulator is placed inside the boiler.

It is composed of a float, partly balanced by a counterpoise,

which actuates a double-seated valve by means of a lever
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and link. Regulation by hand is accomplished in a simple

manner by adjusting the vertical position of the pivot about

THORNYCROFT AUTOMATIC FEED-REGULATOR.

Fig. 275. Fig. 275A.

Fig. 275B. Fig. 275c. Fig. 275D.

which the float lever turns. As the parts moved by the

float do not pass through stuffing boxes, the variable
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friction due to this cause is eliminated, and the gear is

consequently very reliable.

M. Messier has contrived a highly original arrangement

(Fig. 277) in which the regulator is actuated by a diaphragm ;

the upper surface of this diaphragm is under a constant

pressure, while the pressure on the under side of it is

increased by the weight of the column of water H, directly

the level of the water in the boiler gets below the opening
of the long tube which terminates at the normal level.

M. Normand has recently fitted to some of the French

torpedo-boats in which there are only two boilers, a very

simple arrangement to reduce the care and attention necessary

in supervising the feed. He connects the upper steam drums

with one another, below the water-level, by means of a pipe

of large diameter and also the two bottom water drums in

a similar manner. This enables a free circulation of water

to take place between the two boilers, which are separated

by the stokehold floor, only one feed supply for two

boilers being necessary, and it eliminates any differences

there may be in the rate of working of the boilers. Thus

the total water passing through the engine is returned to

the boilers, without any supervision as to the quantity

going to each boiler being necessary.

Mr Yarrow some time ago introduced a feed regulating

apparatus of somewhat original design. He connected

the steam pipe of the feed donkey pump direct to the top

drum of his boiler in such a way that its inlet was just above

the normal water-level, and could be varied at will (Fig. 276).

If the water was below the inlet, steam passed to the steam

cylinder of the donkey pump in the usual way, and water

was forced into the boiler at a high velocity. This raised

the water-level and caused the orifice of the internal steam-

pipe to take water instead of steam, thereby slowing down
the engine. It continued to work slowly, extracting the

surplus water from the boiler, due to the difference between
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the capacities of the steam

and water cylinders, until

the water in the boiler

was brought down to the

normal water-level. This

system not only raised

the water-level if too low,

but automatically reduced

it if too high. The ex-

haust from the steam

cylinder was led to the

condenser and went to

heat up the feed-water

when steam was passing

through the cylinder ;

should the cylinder be

working hydraulically

the hot water was simply
taken from the boiler

through the steam cylin-

der and passed to the

condenser. This system,

though involving a slight

loss of heat, had the

advantage of mechanical

simplicity, but it was

open to many obvious

objections, and its use

has since been discon-

tinued.

Messrs Weir, Mum-

ford, Babcock & Wilcox

and Niclausse, amongst

others, have introduced

feed - regulators actuated



MARINE BOILERS [CHAP.

by floats, descriptions of which are given in the editor's

book on water-tube boilers.*

MESSIER'S AUTOMATIC FEED-REGULATOR.

Fig. 277.

A. Boiler at working pressure P.

B. Receiver at pressures ! p^K-^H
D. Receiver at constant pressure P+K+A.

189. Saturation and Salinometers. Continuous Blow-off.

When a boiler is fed with water containing salts, these

latter are concentrated by distillation. The water in the

boiler soon becomes very highly saturated, which neces-

sitates the blowing off of a quantity of this highly saturated

* "Water-tube Boilers," by Leslie S. Robertson. John Murray, 1901.
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water, containing an amount of salt equal to that brought
in by the feed-water.

The density is determined by taking the specific gravity

of the water at 203 Fahr. with a little hydrometer called

a salinometer. This instrument is so graduated that it indi-

cates o in fresh water, i in sea water, and then as many
degrees as the water contains multiples of the quantity of

salt in sea water.

When boilers were fed with sea water the saturation

was kept at 3 by a constant blow-off through a pipe

fitted with a cock
;
the opening of this cock was regulated

according to the amount of saturation recorded from time

to time. The resultant loss of heat by this constant

blowing-off came to about 12 per cent, of the total amount

given to the boilers, when the saturation was kept down
to 3 ;

the loss would still have been 9-5 per cent, had

the saturation been 4
When boilers were fed with fresh water and losses were

made good with sea water a saturation of 4 was allowed.

190. Scum, Blow-off, and Blow-down Cocks. As at the

present time both feed and "make up" with sea water are

prohibited, the extraction of the sea salt from the boiler has

lost most of its importance. On the other hand, great

attention is being paid, and justly so, to the removal of all

mineral oil which may have been brought in by the steam,

and which at first floats on the surface of the water. Water

instead of being blown off from the bottom of the boiler,

as formerly, is now blown off from the surface.

Scum or surface blow-off must take place exactly from

the surface, and this is arranged by attaching the end of

the blow-off pipe to a float. Fig. 278 shows an apparatus

constructed on this principle, and tried on the Hdleur at

Brest, The blow-off from the surface should be all but

3 P
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HALEUR
SURFACE BLOW-OFF.

continuous, for, as has been pointed out in paragraph 49,

the oil does not float long and is soon precipitated.

The use of floating apparatus is only applicable to

cylindrical boilers. For tubulous boilers several kinds of

"boiler cleaners" have been invented in

England and in America
;

but the only

way to obviate the presence of oil in the

boilers is to purify the feed-water, as will

be described further on.

As there is always a liability of sea

water finding its way into marine boilers,

due to leaks in condensers, distillers,

etc., a blow-off is always fixed to the

bottom of the boilers. Where boilers

are fitted with settling drums the blow-

off cock is naturally fitted to these.

All boilers have at their lowest point

a cock through which they can be

completely emptied. For the sake of

cleanliness the water from the boiler

should not be drained into the bilges,

but, as far as possible, into the sea. Any
Fig. 278. small quantity of water that may be left

is drained into a tank and pumped out.

191. Apparatusfor Artificially Circulating the Water in the

Boiler. It has already been pointed out that the shells of

boilers may be subjected to considerable fatigue during
the operation of getting up steam, due to the differences of

temperature arising from the stagnation of the water at the

bottom of the boiler. The absence of any motion in the

water is all the more unfavourable to the diffusion of heat

since this takes place by convection and not by conduction.

Consequently many devices have been thought of to impart

motion to the water.
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The first devices tried were the "
Hydrokineters," a kind

of Friedman injector in which jets of steam, driven along
a conical nozzle, draw in the surrounding water ;

the artificial

current thus set up is so directed as to carry the cold water

from the bottom up into the more heated parts. That these

hydrokineters are efficient there is no doubt, but their action

is very slow. On board a liner, where steam was raised in

the careful and cautious manner usual on large merchant

WEIR'S HYDROKINETER.

ooooc
ooooc
ooo

Fig. 279.

vessels, it was found that, four hours after lighting up,

the temperature of the water at the surface was 205,
while at the bottom it was only 73. After a hydrokineter

had been fixed, under the same conditions, and in the same

length of time, the temperatures were respectively 205

and 144 ;
it took six hours more before the temperature

was equalised throughout. Hydrokineters, it will be seen,

do not answer to the exigencies of vessels of war, where the

time taken to raise steam is of great importance. The
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hydrokineter has two other drawbacks
;

it necessitates an

auxiliary boiler under pressure and it ceases to act when
the temperature and pressure of steam in the main boiler

has reached that of the auxiliary boiler.

In the American Navy the steam jet has been replaced

by a jet of feed-water forced through a conical nozzle. The

arrangement answers well as long as the boiler is at work,
but when at rest and raising steam the injector is of no use,

that is to say, it is inoperative just at the time it is most

needed.

ARRANGEMENT USED FOR CIRCULATING THE WATER IN THE BOILER
BY MEANS OF THE FEED-WATER.

Fig. 280. Fig. 281. Fig. 280A.

The circulators used at Indret by M. Gamier are

thoroughly efficient. They consist of small centrifugal

pumps, fixed outside the boilers, which take water from the

bottom and discharge it a little below the water-level. The

pumps are turned by hand while raising the pressure, and

are worked by steam when sufficient pressure has been

raised. A small i| I.H.P. engine is sufficient to produce

vigorous circulation in a boiler with two or three furnaces.

The efficiency of these circulators has been well established,

both as regards the absence of fatigue to the shell during

lighting up and the production of steam while under

way. It has also been noticed that they tend to minimise
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over-heating of furnace crowns and leakage at the tube-

plates. This apparatus is now in general use on cylindrical

boilers in the French Navy.

Centrifugal pumps such as described above were fitted

many years ago to the locomotive type boilers of H.M.S.

ISLY.

CENTRIFUGAL PUMP FOR CIRCULATING WATER IN BOILER.

Fig. 282.

Polyphemus with a view of preventing the leakage of the tubes

which took place when the boilers were forced. They failed

however, to effect the desired object, and were removed

together with the boilers
;
the low cylindrical or gunboat type

boiler being substituted without the centrifugal pumps.

192. Water Purifiers. Both the water in boilers and

the feed-water contain marine salts, fatty acids resulting from

the decomposition of tallow (where this is used in the

stuffing-boxes), mineral oil, and air, all of which are harmful,

as has been shown.

The marine salts are removable through the blow-off at

the bottom of the boiler, as described above
;
the salts of lime

are immediately precipitated on their arrival in the boiler,
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when the feed-water is fed into the steam-space. It only
remains to describe the apparatus designed to extract or

neutralise the other substances contained in the feed-water.

Steam feed-water heaters (described in paragraph 196), which

in the first instance were fitted solely with a view to economy,
were found to possess certain properties very useful in the

purification of water. But the heating surfaces of surface

heaters rapidly become coated with grease and require to be

frequently cleaned
;
whatever is got rid of in this way is so

much gain to the boiler. Further, any air taken up by the

water after leaving the condenser is set free in the heaters,

where it is discharged through cocks provided for that

purpose.

The problem of extracting the fatty acids has never been

satisfactorily solved. When, some twenty years ago, it was

first attempted to get rid of these acids by the help of lime, a

special apparatus was designed by M. Risbec for automatically

injecting into the boiler a fixed proportion of lime. This has

been officially adopted in the French Navy. At first the

apparatus consisted of two force pumps, and was rather

complicated. In Fig. 283 is shown a much simpler apparatus

which was designed in 1880 by M. Dudebout. The mixing
of the lime and water is effected at the bottom of a chamber

placed about half-way up the apparatus. The water, coming
from a reservoir in which a constant level is maintained, is

admitted through cocks worked by hand. The powdered
lime is introduced through the tube e. The stirring is

effected in the lower chamber by causing the water to

circulate round the baffles shown in the figure. The mixture

then passes into a reservoir, from which it is blown direct

into the condenser. In this last reservoir a constant level

is automatically maintained in order to prevent air entering

the condenser. The figure shows a form of the apparatus

suitable for two condensers.

Lime water is always used for filling up tubulous



XVIIL] WATER PURIFIERS 583

boilers when laid by, and is also often employed in

DUDEBOUT'S FEED-WATER PURIFIER.
Section on E F O H. Section A B C D.

Fig. 283.

a. Water inlet controlled by float.

ii. Pipe from feed discharge,
c. Overflow pipe.

H

Fig. 283A.

DETAILS OF COCK a.

Fig. 284.

d. Suction pipe to condenser.

e. Pipe for introduction of powdered lime.

ordinary working when a simple mixing vessel is used
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connected with the hot well. The use of alkaline carbonates

has been entirely abandoned, as mentioned in paragraph 82.

With the exception of lime, which, when used under

steam is not without its drawbacks, all addition is avoided,

and rightly too, of any new chemical substances to those

already too numerous, contained in the feed-water.

193. Zinc Plates.- The principal chemical, or rather

electro-chemical agent, actually employed as a preventative

of corrosion ^consists of zinc plates suspended inside the

boilers as near to the feed-water inlet as possible, except
when this is in the steam-space.

The effect of the zinc is to neutralise the free acids

in the water by combining with them
;

it takes the place

of iron in causing the precipitation of salts of copper
when present, and finally, and above all, it produces a

galvanic effect, keeping the iron in an electro - negative

state, thus rendering it but little liable to oxidisation.

In order to bring about the desired galvanic action,

a simple voltaic cell is formed
;
the zinc plates are attached

to the iron to be protected, by strips of copper
I P* (Fig. 285), care being taken that contact is estab-

lished between perfectly clean surfaces. All direct

contact between zinc and iron must be carefully

avoided
;

*
it is even advisable to provide means

for catching such pieces of the attacked metal as

may become detached. The recognised proportion

between the surfaces of zinc and iron is 0.015 to

i.ooo, which means placing as much as 180 to
'

220 Ibs. of zinc per furnace in cylindrical boilers.

Zinc plates are sometimes placed in the hot wells, feed-

tanks, etc., not so much to preserve their surfaces as to

commence the process of the neutralisation of the water.

*
In British practice the zinc slabs are attached to the boiler by iron

hangers.
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NORMAND SPONGE FILTER.

These zinc plates have been called by Han nay and

others "electrogenes." Zinc has been credited with the

property of rendering boiler deposits less hard and

adherent. It has already been pointed out in Section

83 that the preservative action of zinc on iron has been

questioned.

194. The Extraction of Mineral Oils from Feed-Water.

Sponge Filters. Cloth Filters. To solve the difficult

problem of getting rid

of the mineral oil

before the feed-water

reaches the boiler, it

is necessary to have

resource to mechanical

means, for no known

chemical agent is

capable of absorbing
and precipitating the

oil.

An apparatus appli-

cable to engines of all

sizes is the sponge
filter (Fig. 286). The
feed-water is made to

pass through it after

leaving the air-pump,
the feed-pump suctions

being placed at the

bottom of the filter.

The sponges arrest the

mineral oil fairly well, Peed-pump suctions.

while allowing the Fig. 286.

water to pass ; they last for a considerable time but have
to be periodically cleaned with soft soap or caustic potash.
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ARRANGEMENT FOR CHANGING SPONGES

WITHOUT STOPPING THE FEED.

The filter is provided with a by-pass, enabling the feed

to go on while cleaning is being done.

The sponge filter was used for the first time in France

by M. Normand on his torpedo-boats.

The great cost of sponges has caused them to be

replaced as filtering material in the large American boats

by bundles of hay.

In practice the introduction of a filtering apparatus

entails a slight modification in the working of the air-

pumps. It is therefore advisable, at least on big engines,

to place the filter on the

discharge side of the air-

pump, so as to allow the

__,, ., water to get to the feed-

\LJll ) pumps freely. Sponge filters,

though they have rendered

good service in the past, are

open to various objections.

They are heavy and take up
a lot of room, and, moreover,

their efficiency is not main-

tained over any length of

time. When clean they

allow about 20 per cent,

of the oleaginous matter

held in suspension to pass

through, and when dirty they

allow a large quantity of

grease to pass ; and, further,

they do not give any indication when they cease to work

efficiently. They also retain a certain quantity of air which

is given up to the feed-water, and is pumped into the boilers,

giving rise in some instances to active corrosion.

Filters in which cloth or similar material stretched

over frames is used give much better results. The

Feed-pump suctions.

Fig. 287.
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grease deposited on the cloth offers an increasing resist-

ance to the passage of the water, but the actual result

is not a diminution in the grease-extracting efficiency

of the filter, but a decrease in the amount of water

passed which is attended by a rise in pressure. This

type of filter has the drawback of necessitating the addition

of a small special pump to force the water through the

filter as this load cannot be put on the air-pump. They
are more costly than the previous type, and the cleaning

Fig. 288.

of the cloths is an expensive item. In spite of these

drawbacks their undoubted superiority over the sponge
filters is leading to their extended use.

There are a large number of cloth filters which work

under pressure, but the Harris filter is the only one of

this class which has been tried in the French Navy. The

filtering surface of the Harris filter is very large, and is

obtained by means of a series of cloths stretched on frames
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through which the water passes. The water to be filtered

enters at the centre and passes out at the sides, as shown

in Fig. 288. The filter is arranged so as to be easily

accessible for cleaning purposes, and a small valve on the

feed-pipe which works an electric bell indicates when the

pressure rises above a given amount, and the filter requires

cleaning.

Comparative trials made on the Bouvet between the

Harris filter and sponge filters conclusively proved the

superiority of the former. The water contained a pro-

portion of about '0005 of grease, and the analysis of

the water on leaving the filter gave the following results :

SPONGE HARRIS
FILTER. FILTER.

After four hours . . 0.00012 0.00008
After eight hours . . 0.00016 o.ooou
After twelve hours . . 0.00022 0.00012

On continuing the test the proportion of grease in the

water after leaving the sponge filter was .0004, while

the amount of grease arrested by the Harris filter was

such that it had to be cleaned.

The Harris filter employed in the experiment could

deal with five hundred times its own volume of water

before it needed cleaning, that is 500 Ibs. per square inch

of filtering medium.

The measures taken at the present day to reduce the

amount of air passing into the feed-water leads to the

hope that this type of filter will be able to pass 700 Ibs.

of water per square inch of filtering surface. Should

occasion require the Harris filter can be cleaned by

blowing steam through in a reverse direction to that

taken by the water, but this is only a temporary method,

and the results are not entirely satisfactory.

In the Boothman filter the filtering cylinders are a

framework covered with a single piece of cloth. The

dismantling and cleaning of this filter should be rapid,



XVIII.] FILTERS AND OIL EXTRACTORS

but to obtain sufficient surface the filtering cylinders

must be numerous.

In the Rankine filter the perforated cylinders or cartridges

carrying the filter cloth are enclosed in a cylindrical

casing divided into three distinct sections, water passing

successively through each.

Even the best filters, whatever their filtering medium

may be, are only able to extract oil in suspension, and do

DE RYCKE'S OIL EXTRACTORS.

Fig. 289. Fig. 290.

not arrest the more finely divided particles which form

an emulsion with the water.

Mr Harris, in conjunction with Mr Anderson, has

brought out an apparatus especially designed to purify

the feed-water by the addition of chemicals and subsequent
filtration. Various forms of apparatus for getting rid of

grease and oil have been patented under the name of
"
grease extractors" or "oil eliminators"; the only ones
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of real interest, because they are rational in principle,

are those which act on the steam itself in its passage from

the cylinder to the condenser.

The action of steam purifiers is analogous to that of

other purifiers in that a curvilinear motion is imparted to the

current, and the liquid particles impinging on the guide
blades are arrested. The shape given to the guide-blades

is much more complex than in other purifiers. The two

Figs. 289 and 290 represent two patterns, the one vertical

the other horizontal, and are sufficiently clear without any
further explanation.

These types of apparatus may be very suitable to certain

small vessels, but on the low-pressure exhaust of a large

engine they would have to be of an excessive size.

195. Condensers and their Effect on the Purity of Feed-

water. One element which has an extremely important

bearing on the life of the thin tubes of a water-tube boiler

is the tightness of the condensers, but this is a subject

which can be more properly dealt with when considering

the details of engines than of boilers. Should salt water

find its way into the feed-water either through leaky

condenser tubes or glands, it may have serious effects on

the life of the boiler. This has led to increasing the

number of condensers so that one can be overhauled with-

out throwing the others out of service. The feed-water

on its passage through the air-pump may become intimately

mixed with oil and air, and this has led to taking the

feed-pump suctions direct from the bottom of the condenser,

thereby allowing the feed-pumps to deal with the water

and the air.pumps with the air.

196. Feed-water Heaters Heated by Steam. Calculation of

their Theoretical Efficiency. Surface and Injection Feed

heaters. Steam feed-water heaters are in reality small
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condensers, in that steam, that has already done work in

one or two cylinders, is employed to heat the feed-water

instead of sending it into the last cylinder, where only a

portion of its heat would be turned into work.

Heaters, like condensers, may work either on the surface

or by mixing, as in the jet condenser. The Normand

pattern, shown in Figs. 291, 291 A, is a surface-heater.

The patterns used in England and in America are either

surface-heaters, as in Fig. 292, or injection-heaters, as

in Fig. 293.

The surface-heaters are the favourites in France. The

reasons for this preference have already been given.

Experience has clearly established the utility of steam-

heaters, from the point of view of economy. The saving

of coal consequent on their adoption has never been less

than 10 per cent, when the position of the apparatus was

well chosen. The primary cause of this saving, as far as

can be shown by calculation, may be thus stated :

Take the extreme case, from a purely theoretical point

of view, of an engine working at a pressure of 284 Ibs.,

and with quadruple expansion, under the following
conditions :
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With the aid of the exhaust steam we can first heat

the water to 114.2 without spoiling the vacuum; in

raising a pound of water from 68 to 114.2

? = 0.043 Ib. f steam
1116 46.2

will be condensed.

The result will be 1.043 Ibs. of feed-water, presuming
the heating to be done by injection, or under precisely

similar conditions in a surface-heater.

Water raised 71.5 from 114.2 to 185.7 wl^ condense

per Ib.

7^5- = 0.075 Ibs.
1139-185.7

The pound of water originally at 68 will be thus

changed into 1.043x1.075=1.125 Ibs. of water at 185.7

which, to be raised to 262.3 will condense per Ib.

e- t- =0.085 Ibs.
1162 262.3

The original pound of water will therefore have become

1.125x1 .085 = i . 220 Ibs.

Similarly, after heating has been done by steam from

the first receiver, the weight of the heated water will have

become 1.220x1.089=1.328 Ibs.

The water having been thus raised to 337.9 Fahr. will

only have to take up

1208-337.9= 870.1 B.T.U.

in the boiler, the resultant saving having been

1140 870.1- = 0.24.
1140

With respect to this saving of 24 per cent, in the heat to

be given to the water, the consequent loss of work per

pound of steam remains to be calculated. Presuming
that the work is equally divided between the four cylinders,

which is sufficiently accurate for all practical purposes,

the calculation is easy.



SURPRISE.
NORMAND'S FEED-WATER HEATER.

Section on c d tig. 291 A.

WAINWRIGHT HEATEK.

Fig. 292.

WEIR'S INJECTION HEATER.

Fig. 293.

Fig. 291.

A. Feed inlet.

B. Feed outlet.

C. Steam from L. P. casing.
D. Auxiliary exhaust inlet.

E. Equilibrium valve to trap.
F. Air cook.
O. Condensed steam outlet to main con-

denser. 2 P

I

Section on a 6 fig. 291.

Fig. 291A.
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The 1.328 Ibs. of steam produced is employed in doing
work and in heating feed-water :

(1) 1.3281.220= 0.108 Ib. performs one quarter of

the total work, and is

then condensed ;

(2) 1.2201.125 = 0.095 Ib. performs half the total

work
;

(3) 1.125 1.043 = 0.082 Ib. performs three-quarters of

the total work
;

(4) 0.043 Ib. performs the whole of the

normal work
;

(5) i.ooo Ib. performs the whole of the

normal work.

Total 1.328 Ibs.

The work that would have been performed by the 1.328

Ibs. of steam in the four cylinders is

0.108x0.75 x 0.095 x-5 x 0.082 xo.25_~ "~~" v-** 11*
1.328

The final result of the net saving is therefore

0.24 0.11=0.13 or 13 per cent.

In practice it has never been proposed to employ four

successive heaters. The exhaust steam is not used for fear

of air finding its way to the condenser by using a heater

which acts practically as a second condenser. Heating is

only done once with the steam from one of the receivers.

By a calculation analogous to the above, a theoretical

saving of 8 per cent, may be obtained by heating from the

third receiver, and of 5 per cent, from the first. In practice it

is preferable to use the second receiver
;
the saving effected

depends on the position of the heater, which should preferably

be in the engine-room, and close to the point whence it takes

its steam. In experiments in 1892 with the Normand feed-

heater, an average economy of 21 per cent, was realised when
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burning 9.2 Ibs. per square foot of grate, and 12 per cent,

when burning 13.3 Ibs. per square foot of grate.

One of the principal advantages of heating the feed-water

is that, on introducing the water hot into the boiler, it is

in a position to take up the heat from the heating-surface

more readily on coming in contact with it. The circulation

is then increased and the transmission of heat by convection

improved. This explains the large saving that has been

realised when taking steam from the second casing. There

is an economy to be obtained when taking live steam direct

from the boiler, but it is not so great as in the previous

case.

The injection feed-heater, introduced by Messrs Weir in

1871, serves rather to extract the air from the feed-water

than to effect a marked saving in coal consumption, at

least it was rather with a view to increasing the life of

the boiler by extracting the air, that its inventor first

introduced it. Fig. 293 shows a Weir's injection feed-heater

in section.

The air given off by the feed-water is led away to the

condenser through the small pipe shown at the top of the

figure. The lower part of the heater forms a reservoir from

which the feed-pumps draw, and a float controls by means

of a lever, the steam to the pumps, and shuts them off

before there is any danger of air being sucked in. As the

feed-heater is in communication with the condenser, the

temperature therein cannot be high, but the saving effected

when using the exhaust from the auxiliary engines is quite

appreciable. In some careful tests at sea conducted by Mr
Alexander Dalrymple, the consumption without the feed-

heater was 1.47 Ibs. per I.H.P., and with the heater 1.38 Ibs.

per I.H.P., that is, a saving of 6 per cent. A similar feed-

heater is made in England by the Worthington Pumping
Company, and in America by the Blake and Knowles Steam

Pump Company.
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197. Apparatus for making good Losses of Fresh Water.

Single Distillers. Marine engines cannot be worked with-

out a certain loss of fresh water, either continuous, owing
to leakages of all kinds, or occasional, owing to draining
into the atmosphere, blowing off, etc. The total quantity of

water contained in the boiler and in the feed apparatus

would therefore be constantly diminishing were not some

DISTILLER ON BOARD GUNBOAT "CROCODILK."

Fig. 294.

supplementary agencies occasionally used for making up

this loss.

The use of sea water as "make-up" being nowadays

forbidden, it is necessary to have either a reserve quantity

of fresh water or an apparatus used for producing fresh

water known as a " distiller" or "evaporator."

Distillers have been in use on board ship for many
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COUSIN DISTILLER.

years. They were formerly solely employed in providing

the fresh water required by the crew. These have simply

been enlarged so as to cope with the new requirements

of the engines and boilers.

For producing drinking water

separate condensers are provided ;
for

feed-water, the main condensers of

the engines are used.

For a long time steam was pro-

duced in boilers fired with coal and

fed with sea water, working at a low

pressure and constantly blown off.

As it was soon found impossible to

make room for these auxiliary boilers

on small boats, the steam from [the

main boilers was brought into use

for heating purposes. The first dis-

tillers were simply cylindrical chests

in which sea water was heated by a

steam coil. The steam condensed in

the coil was returned to the boilers,

and the steam, issuing from the dis-

tiller, was condensed for drinking

purposes. Fig. 294 is an apparatus
of this kind, fixed in 1873 on the

gunboat Crocodile.

It worked very well, but surprise

was expressed at the violent ebullition

and consequent tendency to prime.
This was found to be due to the

rapid transmission of heat through
a wall, one side of which was in

contact with water, and the other with condensed steam.

The coil was subsequently replaced by a nest of tubes,

expanded into two tube-plates and surrounded by steam.

Fig. 295.
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Such are the Cousin condensers, named after the engineer
who designed them

; they are single acting, and are still

in use on many vessels. At the present time coils have

been reverted to, as they do not give rise to leaky tube-

plates. The Mourraille distiller described in the next

paragraph is of this type, and the Weir distiller approaches
it very closely. With this type of single distiller, a

smaller weight of steam is obtained than in the main

boilers from whence the steam for condensation is taken,

viz., about 6 Ibs. of steam in the evaporators per pound
of coal burnt in the boilers. If the production of steam

is reduced to 4 Ibs. then the total amounts to 12 Ibs.

in all, supposing the boilers to evaporate 8 Ibs. of water

per pound of coal burnt.

198. Multiple Distillers In single distillers the heat of

the steam produced is entirely lost. In the multiple ones,

on the contrary, this steam is utilised, and they are much

more economical
; they were invented by M. Sochet in

1832.

The principle of these multiple distillers consists in

placing several distillers in series, each one serving as a

condenser to the preceding one, and as a heater for the

succeeding one. Were there no loss of heat from radiation,

all the distillers would produce an equal amount of water,

and from an originally limited amount of steam an

indefinite amount of fresh water could be obtained.

There is no paradox in this principle, as there would

be no loss of heat, and there is, further, no work to be

done.

However, on account of radiation, the production of

steam diminishes, from one distiller to the other, at a

certain rate ^, equal say to 0.7 or 0.8. Consequently i Ib. of

initial steam produces, in successive distillers, g, q
2
, q

z
. . . q

n
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Ibs. of steam ; the quantity of fresh water obtained over and

above the first pound condensed is thus expressed:

q +
i-q

of which the limit with n infinite would be

i-q
M. Sochet's first apparatus consisted of six vessels, one

being in reserve, out of each of which the condensed water

was extracted by a small hand air-pump. At present three

vessels are considered sufficient, and the distiller is therefore

a triple one, as shown in Fig. 296.

In this apparatus, as constructed by Messrs Mourraille,

the vessel I. takes its steam direct from the main boiler, and

heats vessel II., which in its turn heats vessel III. Both

the temperature and the pressure naturally diminish from

one vessel to the other.

The sea water to be evaporated is first heated in the

heater IV. by the water condensed in vessel III. It then

passes to distiller III., in which the pressure is sufficiently

low to allow of the feed being fed in, merely by the atmo-

spheric pressure and the difference between the sea level and

the level of the water in the distiller. Any water that has

not been evaporated in distiller III. is passed back by a

pump to distiller I.
;
what is left after I. passes into II.

;

the remainder not evaporated in II. is discharged into

the sea.

The water condensed in I. is not fit for anything but

the feed make-up ;
it is generally run into the condenser,

where it makes up for the loss of steam in the distiller.

The steam produced in the three vessels, if required to

make good any waste, is also usually sent back to the

condenser; a better plan is to avoid losing the benefit

of its heat in this way, and to take it back to the inter-



6oo MARINE BOILERS [CHAP.

mediate casing, where it will easily find admittance on

MOURRAILLE'S TRIPLE DISTILLER.

Fig. 296.

Fig 296A.

I. High pressure distiller.

IL Mean
III. Low

a 1 Heating steam to distiller I.

II-

III.

Condensed steam outlet of distiller I.

II.

"I-
c. Auxiliary steam.
d. blow-off.

e. Exhaust to condenser.

/. Steam ,,

g. To cold water pump.

IV. Feed-water heater.
V. Donkey feed.

h. To hot-water pump.
r 1

. Water inlet to distiller I.

f-- II.

r*- ., ,, HI.
s l

. Blow-off of distiller I.
2

- ,, II.

s*. III.

v. Drain-cock,
x. Water to hot well.
z. Inlet and outlet of feed-water to heater.

account of its higher pressure. This point will be dealt

with in the next section,
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The Mourraille distillers are constructed with either tubes

or coils. The interior arrangement of coil distillers is given

in Fig. 297. This reminds one forcibly of the first distiller

constructed by M. Bigot, at Cherbourg. The heating is

effected by a coil, through which steam circulates in the

centre of the liquid to be vaporised. There are no tube-

plate joints. The interior is easily cleaned by taking off

the bottom, which is removable.

Single distillers of various sizes and of similar design

have been constructed, principally for use on torpedo-boats,

MOURRAILLE COIL DISTILLER.

Fig. 297. Fig. 297A.

and they work satisfactorily. The only fault to be found

with them is their weight, which is excessive. M. Oriolle

has, however, constructed some which, while exactly similar

in their action, are much lighter.

The production of fresh water, and, in consequence, the

economical yield of the triple distillers, is just about three

times that of single ones. Experiments made on the Jean-
Bart and on the Brennus have actually resulted in a pro-

duction of 17 Ibs. of fresh water per Ib. of coal burnt.

The principal data relative to the Mourraille and to
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some other types of distillers, as well as their total yield of

fresh water per 24 hours, are given in the following Table:
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loss of fresh water is, generally speaking, very considerable.

The loss due to the valves and also the manholes of

the boilers may also be of importance.

199. Distillers, yielding both Fresh Water and Useful

Work. Weir's Distiller. The question of distillers is of

interest apart from the losses of fresh water in the engines
and boilers, however great we may suppose these to be,

and also apart from the production of fresh water for the

crew. Steam in the form of jets may at times be put to

important uses, such as it may not be called upon to perform

under ordinary circumstances. The great obstacle in the

way of thus employing the steam is the cost of the fuel in

making good the loss of fresh water, as has already been

shown in Chapter VI. with regard to forced draught, and

in Chapter V. in the spraying of petroleum. It has been

shown in paragraphs 36 and 61 that, according to the method

employed in making use of the steam, the cost of make-up
more than doubles the cost of fuel. This estimate is too

low in the case of the single distillers, which are those most

often met with on modern ships. In reality the cost is mul-

tiplied by 1.66, as the fuel consumed evaporates half its own

weight of steam.

That is i H = i .66
1+0.5

In the triple distiller, while the cost of working has to

be multiplied by only 1.4, it gives three times the output.

That is H = 1.4.
1 + 1.5

This cost is still too high, and, further, in order to

yield the quantity of fresh water which forced or induced

draught may require, the weight of the triple distillers, under

existing circumstances, becomes excessive.

It is therefore of vital importance to increase the present

output, with the ability to vary it in quantity according to
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requirements, while keeping the weight of the apparatus
within reasonable limits.

M. Gayde, during a trip with a naval squadron, thoroughly

investigated the question of losses of fresh water, and of

the means for preventing them. As a result, he advocates

an arrangement of distillers which would reduce the cost

of production of fresh water.

The principle thus advocated is to employ the steam in

a single distiller in such a manner as not to lower its

temperature to the point of condensation, and, at the same

time, to employ the steam thus produced in doing some

useful work in the engine instead of evaporating more

fresh water. The original steam, partly lowered in tem-

perature, and the steam raised in the distiller, both having
the same, or practically the same pressure, would be returned

to one of the receivers of the engine, having a pressure

equal to their own. Their evaporative efficiency per square
foot of heating-surface depends on the pressure existing

in the receiver. Further, the two steams from the distillers

can be used in different ways. Theoretically, the total

loss of heat might be reduced in this manner to zero, or

rather to the simple loss by radiation and conduction of the

distiller and piping. The distillers might, indeed, be easily

so arranged as to give, if required, a large output at any
time when a great quantity of fresh water happened to be

required at short notice.

Taking the case of a triple expansion engine with a fall

in temperature between the boiler and the condenser of 252

Fahr., it may be divided up thus

Boiler to first receiver 59-4 Fahr.

First receiver to second receiver 66.6 Fahr.

Second receiver to condenser. 126.0 Fahr.

252.0 Fahr.

The heating steam can be taken from the boilers, and
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the steam produced carried to the M.P. cylinder, or it can

be taken from the first receiver, and the steam produced
carried to the L.P. cylinder. The distiller will then

work with a difference of temperature between the inside

and outside of the tubes of 54 and 72 Fahr. The

production will be small but economical. If the steam is

taken from the second receiver and the steam produced is

led to the condenser, or if it is taken from the boilers and

led to the second receiver, there will be a difference of

temperature of 126 Fahr., and the distiller will be working
under normal conditions while maintaining all the advantages
of a double distiller. Lastly, under exceptional circumstances,

the total difference of temperature of 252 Fahr. may be

used, and a proportionately greater output secured.

The combination of producing steam doing useful work,

is worthy of trial, as the double distillers require very
careful handling, and triple distillers are almost impractic-

able, and need most careful adjustment and manipulation.

Messrs Weir exhibited at the Chicago Exhibition in

1893 an apparatus combining these principles. They used

either the steam which had already done a certain amount

of work in the main engines, taking it either from the

second receiver, or using the exhaust from the auxiliary

engines. In this latter case, the distiller really serves as

a condenser to the auxiliary engines. It entails increasing

the back pressure on the auxiliaries, but utilises the heat

of the exhaust steam, which, in the main engines, goes to

the main condensers, and a large portion of this heat is

necessarily carried overboard by the circulating water.

The low steam pressure used in Weir's distiller neces-

sitates the use of a small condenser with air-pump if fresh

drinking water is to be made, but the saving in coal more

than compensates for the extra complication. Weir's

distiller is shown in Fig. 298 where the nest of straight

tubes is replaced by a nest of horizontal curved tubes,
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WEIR DISTILLER.

[CHAP.

A. Steam inlet.

B. Drain for condensed water.
C. Sea inlet.

D. Steam outlet.

E. Pipe for allowing priming water to return to
distiller.

F. Blow-off.
aa. Gauge glass.
6. Saftey-valve.

Fig. 298.
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whose ends are connected to two collectors; these tubes

may be subject to full boiler pressures.

The casing is fitted with a safety-valve set at about

25 Ibs. per square inch. The front of the distiller opens
like a door and the nest of tubes swings out, and can be

easily cleaned. Practice has indicated the necessity of

having a sufficiently large space above the tubes to avoid

priming.

An interesting mechanical addition to the Weir distiller

consists in the use of two pumps one feed, and the other

brine discharge. These pumps are linked together and

work automatically. The capacity of the feed-pump is

exactly double that of the brine discharge pump. A pro-

portion of the water from the feed-pump, which can be

regulated at will, is sent direct to the discharge pump, thus

cooking the brine and making the brine pump more

efficient. By the simple adjustment of a pointer, the rate

of working can be set to any desired degree of density.

The steam to the pumps is regulated by means of a float

placed in a vessel attached to the distiller, a loaded valve,

placed on the discharge of the feed-pump, serves to control

the movement of the float.



CHAPTER XIX.

ACCESSORIES RELATING TO THE DISPOSAL OF ASHES.

200. The Handling of Coal and Ashes. There are as

yet no mechanical appliances for handling coal on board

worth noticing. A system of coal buckets and mechanical

firing was tried some time ago, but it was soon given up
and has not again been brought into use. The introduction

of briquettes has very much facilitated the handling of

fuel, not only in the bunkers, but even in the stokehold.

The clearing away of the ashes is, on the other hand, a

most important operation for which the old awkward and

noisy hand or steam winch is now no longer considered

satisfactory.

201. The De Maupeou Ash-hoist. This apparatus was

especially designed for use under forced draught with

closed stokeholds, where it is difficult to raise the ash-skips,

as they have to be passed through air-locks.

The way the difficulty is got over is by grinding the

ashes, mixing them with water, and ejecting them into

the sea by means of a force pump.
The apparatus has been modified from time to time,

and now consists of two jaws, one fixed, the other movable,

between which are passed the ashes to be ground (Fig. 299).

The fixed jaw, supported on a strong spring, yields slightly

should a piece of iron pass through with the ashes. Any
608
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damage from this cause is thus avoided, and the regular

working of the apparatus is ensured.

The result of an experiment made at Cherbourg in 1887

Fig. 299.

A. Body of the pump.
B. Anti-piston.
C. S^am cylinder.
1>. WHier-pipe.
EL Movahl* jaw.
F. F.x d.ja, supported by
Q. Spring.

H. Rocking-ta)>le for receiving ashes.
I. C c"- to catch WHi-te.

J. Ind arubb-r valve".
K. Ashes discharge pipe.

with the De Maupeou ash-hoist, showed that, with a lift of

17 ft., it ejected a weight of f Ib. of ashes per second. The

power absorbed by the grinder and the pump amounted

2 Q
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SEE ASH-EJECTOR.

to 2.170 ft.-lbs. The machine has, as would be expected,

an exceedingly small mechanical efficiency, but in these

matters steady and easy working is of greater importance
than high efficiency.

202. Water Ash-ejectors. Both ashes and clinker may
be discharged into the sea, without any grinding, by means

of water-ejectors, of which there are several kinds.

In the ejector used on the American ferry-boats, the

ashes are first mixed with water in a long vessel into which

sea water is admitted through a tap. The ejector-pipe,

which withdraws the mixture from the bottom of the vessel,

has a jet of water under pressure delivered in the direction

of its longitudinal axis by one of the force-pumps on board.

In the See or Trewent ejector (Fig. 300), tried in 1896

at Cherbourg, the dry ashes are tipped directly into the

ejector through a hopper. The water jet, with a pressure

of from 170 to 260 Ibs.,

is delivered through a

tapering nozzle. Small

clack valves allow air to

enter the ejector -pipe
above the nozzle.

With a lift of 1 8 ft.,

the apparatus tried de-

livered 6.4 Ibs. of ashes

per second, with an ex-

penditure of 3,655 ft.-lbs.

on the pump pistons.

The mechanical efficiency

was .therefore equal to

3 per cent. The average

discharge for lifts of

18, 22.8 and 27.56 ft., was
found to be 9.84, 8.36, and 4.92 tons an hour, the necessary
water pressure being 170.8, 206.7 and 241. Ibs. per sq. in
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respectively. Trifling difficulties occurred which appeared
to be easily avoidable.

The See ejector has the further advantage over the grind-

ing ejector, that it is much simpler in construction and in

action, besides being four times as effective. Its output is

considerable, and allows of very rapid working. It has done

good service on the steamers of the Campagnie Trans-

atlantique, and is more suitable for the mercantile marine

than for the navy. It would be impracticable to fit a See

ejector to every stokehold of a large battleship or cruiser,

on account of piercing the side armour, and therefore only
two or three are fitted to each ship, whereas there would be

no difficulty in so fitting a small ash-pump.
A steam ash-ejector was worked for some time on board

the Corse ;
it worked well, but its output was very small.

The necessity for economising fresh water acts as a bar at

present to the use of steam-ejectors.





APPENDIX I

INTERIM REPORT OF THE COMMITTEE, AP-

POINTED BY THE LORDS COMMISSIONERS
OF THE ADMIRALTY, TO CONSIDER CER-

TAIN QUESTIONS RESPECTING MODERN
TYPES OF BOILERS FOR NAVAL PURPOSES.

COPY OF THE LETTER OF INSTRUCTIONS SENT TO THE PRESIDENT.

S. 1786418248.
ADMIRALTY, S.W.,

6th September 1900.

SIK, I am commanded by my Lords Commissioners of the

Admiralty to inform you that they are pleased to nominate you
as Chairman of a Committee which they have decided to appoint
for the purpose of considering certain questions arising in con-

nection with the use of various modern types of boilers for naval

purposes, as set forth in the terms of reference specified in the

succeeding paragraphs of this letter.

(2.) In addition to yourself, the Committee will be composed
of the following members :

Mr J. A. Smith (Inspector of Machinery, R.N.).
Mr John List, R.N.R. (Superintending Engineer, "Castle"

Line).
Mr James Bain, R.N.R. (Superintending Engineer "Ctinard"

Line).
Mr J. T. Milton (Chief Engineer-Surveyor of Lloyd's Register

of Shipping).
Professor A. B. W. Kennedy.
Mr J. Inglis, LL.D. (Head of the firm of Messrs. A. & J,

Inglis, Engineers and Shipbuilders, Pointhouse, Glasgow).
013
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Commander Montague E. Browning, R.N., and Chief Engineer
William H. Wood, R.N., will act as Joint Secretaries to the

Committee.

(3.) The points which it is desired that the Committee should

investigate and report upon are as follows :

(a.) To ascertain practically and experimentally the relative

advantages and disadvantages of the Belleville boiler

for naval purposes as compared with the cylindrical
boiler.

(.) To investigate the causes of the defects which have occurred
in these boilers and in the machinery of ships fitted

with them, and to report how far they are preventable
either by modifications of details or by difference

of treatment, and how far they are inherent in the

system. The Committee should also report generally
on the suitability of the propelling and auxiliary

machinery fitted in recent war vessels, and offer any
suggestions for improvement, the effect as regards

weight and space of any alterations proposed being
stated.

(c.) To report on the advantages and disadvantages of the

Niclausse and Babcock and Wilcox boilers compared
with the Belleville as far as the means at the disposal
of the Committee permit, and also to report whether

any other description of boiler has sufficient advantages
over the Belleville or the other two types above
mentioned as a boiler for large cruisers and battleships
to make it advisable to fit it in any of Her Majesty's

ships for trial.

(4.) For the purpose of making direct experiments between ships
fitted with Belleville and cylindrical boilers respectively, the

Hyacinth, fitted with Belleville boilers, will be placed at the disposal
of the Committee as soon as the crew have been sufficiently trained

and such trials have been carried out as to ensure that the machinery
is in efficient order. A cruiser of similar type fitted with cylindrical
boilers will also be placed at the disposal of the Committee when

required, for the purposes of comparison.

(5.) For the investigation of defects, -copies of the reports of all

the defects of machinery and boilers which occurred during the

recent naval manoeuvres will be placed before the Committtee,
and they will be able to inspect ships specially commissioned for

the manoeuvres, which include the Ariadne and Gladiator with

Belleville boilers and the Perseus and Prometheus with Thorny-
croft boilers, with any others that may have returned to any of the

home ports.

(6.) The Europa is now on passage from Australia, and it is

desired that, at a suitable time, an investigation into the causes of

her high coal expenditure and machinery defects shall be conducted
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under the directions of the Committee, and that she shall afterwards

be put through such trials as the Committee think necessary

(7). Information on any special points connected with the

behaviour of the boilers or machinery of water-tube boiler ships
on ordinary peace service which the Committee may desire to have
will be obtained by the Admiralty from any of Her Majesty's ships
in commission, and opportunities can be taken when the Channel

Squadron is in any of the home ports to examine the boilers and

machinery of the Niobe, Diadem, Arrogant, and Furious, which
have Belleville boilers, and the Pactolus, which is fitted with

Blechynden boilers.

(8.) The Pelorus, fitted with Normand boilers, which has recently
returned from three years' continuous service in the Channel

Squadron and at the Cape of Good Hope, and the Powerful, will

also be available for examination during their refits.

(9.) The Sharpshooter, fitted with Belleville boilers without

economisers, the Seagull, fitted with Niclausse, and the She/drake

with Babcock and Wilcox boilers, will be employed in training

stokers, and will be available for examination, and, if necessary,
for any comparative experiments between these boilers that the

Committee may wish to make, though the comparatively low

pressure for which the machinery of these vessels was designed
makes it impossible to try these boilers under the conditions under
which they would work if fitted in a new ship.

(10.) It is particularly desired that any conclusions the Committee

may arrive at should be supported by experimental proof as far as

possible, and that the Committee should propose any further

experiments they think necessary for this purpose. I am, Sir,

your obedient servant, . EVAN MACGREGOR,
Secretary.

Vice-Admiral Sir COMPTON DOMVILE, K.C.B.

COPY OF LETTER ASKING FOR AN INTERIM REPORT

S. 315 407.

ADMIRALTY, S.W.,
4th January 1901.

SIR, I am commanded by my Lords Commissioners of the

Admiralty to inform you that they will be glad to have an interim

report from the Boiler Committee, as soon as possible, on any
of the points referred to the Committee on which .they consider

they have collected sufficient evidence or experimental proof to

enable them to form a reliable opinion.
The questions to which my Lords especially desire an answer,

are the following :

(i.) With the experience and information which have already
been obtained, can it be stated whether water-tube

boilers are considered by the Committee to be more
suitable than cylindrical boilers for naval purposes ?
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(2.) Should the answer to the above question be in the affirma-

tive, do the Committee consider that the Belleville boiler

has such an advantage over other types of water-tube

boilers as to lead them to recommend it as that best

adapted to the requirement of H.M. Navy?
(3.) Generally, having regard to the importance of deciding on

the types of boilers to be provided for vessels which are

ordered in the immediate future, are the Committee pre-

pared at present to make any recommendation, or to

offer any suggestions on the extent to which any particular

type or types of boilers should be fitted in new vessels?

Whilst their Lordships are anxious to receive an interim report
at as early a date as practicable, they in no way wish to press the

Committee for a premature expression of opinion.
I may add that any report made should be accompanied by full

particulars of all the evidence and experimental data on which the

recommendations of the Committee are based. I am, Sir, your
obedient servant, EVAN MACGREGOR.

The Secretary,
Boiler Committee.

ADMIRALTY,
\<)th February 1901.

BOILER COMMITTEE.

SIR, I have now the honour to submit for their Lordships'
information the ad interim Report called for by their letter S.

315/407 of the 4th January 1901 on the three questions to which
the attention of the Committee was especially directed, viz. :

"(i.) With the experience and information which have already
been obtained, can it be stated whether water-tube

boilers are considered by the Committee to be more
suitable than cylindrical boilers for naval purposes?

"
(2.) Should the answer to the above question be in the affirma-

tive, do the Committee consider that the Belleville

boiler has such an advantage over other types of

water-tube boilers as to lead them to recommend it

as that best adapted to the requirement of H.M.

Navy?
"(3.) Generally, having regard to the importance of deciding

on the types of boilers to be provided for vessels

which are ordered in the immediate future, are the

Committee prepared at present to make any recom-

mendations or to offer any suggestions on the extent

to which any particular type or types of boilers should

be fitted in new vessels ?
"

The replies to these questions are given in the first three para-

graphs of the Report, and the reasons for the replies in the remaining

paragraphs, with all the advice the Committee are at present able to
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give on the subject of the future boiler for the navy, with suggestions
tor trying two new types of boiler as quickly as possible.

The Report is unanimous with the exception of Mr J. A. Smith,

Inspector of Machinery, who, though agreeing with the tenor of the

Report as a whole, explains that, in his opinion, the Belleville boiler

Avill give satisfactory results when carefully treated, and considers

there is no necessity for delaying the progress of ships already

designed for them.
In conclusion, I should like to bring to their Lordships' notice

the great zeal and trouble taken by the civilian members of this

Committee to attend the meetings and trials necessary to form an

opinion on this question, often at great inconvenience to themselves,

being all busy men with their own special work to do. I have the

honour to be, Sir, your obedient servant,

COMPTON DOMVILE, Vice-Admiral,
President, Boiler Committee.

The Secretary
of the Admiralty.

AD INTERIM REPORT.

(i.) The Committee are of opinion that the advantages of water-

tube boilers for naval purposes are so great, chiefly from the military

point of view, that, provided a satisfactory type of water-tube boiler

be adopted, it would be more suitable for use in His Majesty's Navy
than the cylindrical type of boiler.

(2.) The Committee do not consider that the Belleville boiler

has any such advantage over other types of water-tube boilers as to

lead them to recommend it as the best adapted to the requirements
of His Majesty's Navy.

(3.) The Committee recommend :

(a.) As regards ships which are to be ordered in the future :

That Belleville boilers be not fitted in any case.

(.) As regards ships recently ordered, for which the work done
on the boilers is not too far advanced : That Belleville

boilers be not fitted.

(f.) As regards ships under construction, for which the work is

so far advanced that any alteration of type of boiler

would delay the completion of the ships : That Belle-

ville boilers be retained.

(</.) As regards completed ships: That Belleville boilers be
retained as fitted.

(4.) In addition to the Belleville type of boiler, the Committee
have had under consideration four types of large straight tube boilers

which have been tried in war vessels, and are now being adopted on
an extended scale in foreign Navies. These are :

a.) The Babcock and Wilcox boiler.

.) The Niclausse boiler.

c.) The Diirr boiler.

</.) The Yarrow large-tube boiler.



618 MARINE BOILERS

(a) and (b) have also been tried in our own Navy with satisfactory

results, and are now being adopted on a limited scale.

If a type of water-tube boiler has to be decided on at once for

use in the Navy, the Committee suggest that some or all of these

types be taken.

(5.) The Committee recommend that the completion of the two

sloops and the second-class cruiser fitting with Babcock and Wilcox

boilers, and the sloop and first-class cruiser fitting with Niclausse

boilers, be expedited, in order that the value of these types of
boilers for naval purposes may be ascertained at the earliest possible
date. This is especially important, as the Babcock and Wilcox
boiler adopted in the ships under construction differs materially from
the Babcock and Wilcox boiler as fitted in the Sheldrake.

(6.) The Committee recommend that boilers of the Diirr and of a
modified Yarrow type be made and tested at the earliest possible
date, under their supervision, with a view of aiding the selection of
one or more types of water-tube boilers for use in His Majesty's
ships. For this purpose the Committee suggest that two cruisers,
not smaller than the " Medea "

class, with vertical triple-expansion

engines be placed at their disposal, and that they be empowered to

order, at once, Diirr and Yarrow boilers to be fitted to them, and to

order also the removal of their present boilers and the necessary
modifications to their machinery, so that the performance of the

types of boilers named may be definitely ascertained under ordinary

working conditions from extended seagoing trials. The Committee

suggest vessels not smaller than the " Medea "
class, because the

evidence before them shows that it has been difficult to draw from

Torpedo Gunboat trials conclusions fully applicable to larger
vessels.

(7.) With reference to paragraph (i), evidence has been given
before the Committee to the effect that three most important require-
ments from the military point of view are :

(a.) Rapidity of raising steam and of increasing the number of

boilers at work.

(<.) Reduction to a minimum of danger to the ship from damage
to boilers from shot or shell.

(c.\ Possibility of removing damaged boilers and replacing them

by new boilers in a very short time and without open-

ing up the decks or removing fixtures of the hull.

These requirements are met by the water-tube boiler in a greater

degree than by the cylindrical boiler, and are considered by the

Committee of such importance as to outweigh the advantages of the

latter type in economy of fuel and cost of up-keep.

(8.) The opinion expressed by the Committee in paragraph (2)
has been formed after a personal examination of the boilers in a

number of His Majesty's ships, including the Diadem, Niobe,

Europa^ Hermes, Powerful, Furious, and Ariadne ; upon the state-

ments of defects which have been placed before them ; and the
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evidence of the Chief Engineers of those vessels and other officers

on the Engineering Staff of the Admiralty and Dockyards. This

evidence is being printed, and will be forwarded when ready.

(9.) The Committee consider the following points in relation to

the construction and working of the Belleville boiler to constitute

practical objections of a serious nature :

(a.) The circulation of water is defective and uncertain, because

of the resistance offered by the great length of tube

between the feed and steam collectors, the friction of

the junction boxes, and the small holes in the nipples
between the feed collector and the generator tubes,
which also are liable to be obstructed, and may thus

become a source of danger.

(b.) The necessity of an automatic feeding apparatus of a

delicate and complicated kind.

(c.) The great excess of the pressure required in the feed pipes
and pumps over the boiler pressure.

(d.) The considerable necessary excess of boiler pressure over

the working pressure at the engines.

(e.) The water gauges not indicating with certainty the amount
of water in the boiler. This has led to serious accidents.

(/) The quantity of water which the boiler contains at different

rates of combustion varying, although the same level

may be shown on the water gauges.

(-.) The necessity of providing separators with automatic blow-

out valves on the main steam pipes to provide for

water thrown out of the boilers when speed is suddenly
increased.

(h.) The constant trouble and loss of water resulting from the

nickel sleeve joints connecting the elements to the feed

collectors.

(/.) The liability of the upper generator tubes to fail by pitting
or corrosion, and, in economiser boilers, the still

greater liability of the economiser tubes to fail from the

same cause :

Further :

(.) The upkeep of the Belleville boiler has so far proved to be
more costly than that of cylindrical boilers

;
in the

opinion of the Committee this excess is likely to increase

materially with the age of the boilers.

(/.) The additional evaporating plant required with Belleville

boilers, and their greater coal consumption on ordinary
service as compared with cylindrical boilers, has hither-

to nullified to a great extent the saving of weight effected

by their adoption, and, in considering the radius of

action, it is doubtful whether any real advantage has

been gained. The Committee are not prepared without

further experience to say to what extent this may not

apply to other types of water-tube boilers.
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(10.) At the time the Belleville boiler was introduced into the

Navy in the Powerful and. Terrible, it was the only large tube type of
water-tube boiler which had been tried at sea on a considerable scale,
under ordinary working conditions. The Committee therefore con-
sider that there was justification for then regarding it as the most
suitable type of water-tube boiler for the Navy.

(n.) To obtain satisfactory results in the working of the Belleville

boiler, in face of the defects named in paragraph (9), more than

ordinary experience and skill are required on the part of the engine-
room staff. It appears, however, from the evidence placed before

the Committee, that the Engineer officers in charge of Belleville

boilers have not been made acquainted with the best method of

working the boilers, and that which experience has shown to be
most effectual in preventing the pitting and corrosion of tubes.

(12.) In view of the rapid deterioration of economiser tubes in

several vessels, the Committee have specially considered whether the

extra power per ton of boiler at high rates of combustion, obtained

by the use of economisers, has not been too dearly purchased. The
evidence before them indicates that at the lower and more usual

rates of combustion the Powerful type of boiler has given results as

satisfactory as the economiser type. It is at the same time less

complex, and free from the special risks of tube deterioration which
have proved so serious in many cases, notably in the Europa. They
therefore recommend, for ships under construction, that the non-
economiser type should be reverted to where practicable, with the

tubes raised higher above the firebars to increase the combustion

space, and that where possible the steam collectors should be made
larger, and more accessible internally.

(13.) The evidence before the Committee shows that a large pro-

portion of the coal expended in the Navy is used for distilling and
other auxiliary purposes, in harbour as well as at sea. For such

purposes, the cylindrical boiler is, in the opinion of the Committee,
more suitable and economical than any type of water-tube boiler.

They recognise that there are objections to fitting cylindrical and
water-tube boilers in combination, but they believe that those draw-

Sacks would be more than compensated for by resulting advantages,

observing that the cylindrical boilers could be used for supplying
distilled water in case of failure or insufficiency of the evaporating

plant. On these grounds, it is considered desirable that all the new
vessels of large power should be provided with cylindrical boilers to

do the auxiliary work.

(14.) The Committee have to state, for the information of their

Lordships, that a series of comparative trials for determining economy
in coal and water consumption were arranged in October 1900 for

His Majesty's ships Minerva and Hyacinth. The trials of the former

ship commenced on January 7th, as soon as she was ready, but were

temporarily interrupted by recent events. The Committee are, how-

ever, now informed that the Minerva will not be again available

until after March 2nd, and that the Hyacinth will not be ready to



APPENDIX I 621

commence her trials until the first week in April. It is proposed to

include in these trials a full-speed run for both ships from Ports-

mouth to Gibraltar and back.

COMPTON DOMVILE, Vice-Admiral and Chairman.

JAS. BAIN.

JOHN INGLIS.

ALEX. B. W. KENNEDY.

JOHN LIST.

J. T. MILTON.

M, E. BROWNING, ) T . . r
\\T TT \\r \Jotnt secretaries.WM. H. WOOD, }

J

I concur with the above Report, except as regards paragraph (3),

and on the point dealt with in that paragraph my report is as

follows :

(i.) Although the Belleville boiler has certain undesirable

features, I am satisfied, from considerable personal

experience, and from the evidence of Engineer officers

who have had charge of boilers of this type in com-
missioned ships, that it is a good steam generator,
which will give satisfactory results when it is kept in

good order and worked with the required care and
skill.

I am also satisfied, from my inspection of the boilers

of the Messageries Maritimes Company's S.S. Laos, after

the vessel had been employed on regular mail service

between Marseilles and Yokohama for more than three

years without having been once laid up for repairs, that,

with proper precaution, the excessive corrosive decay of

the tubes which has occurred in some instances can be

effectually guarded against.

(2.) Having in view the extent to which Belleville boilers have

already been adopted for His Majesty's ships, and the

fact that there are now three or four other types of

water-tube boilers which promise at least equally good
results, I am of opinion that, pending the issue of the

final report of the Committee, Belleville boilers should
not be included in future designs. At the same time, I

see no necessity for delaying the progress of ships which
have been designed for Belleville boilers in order to

substitute another type of boiler. Jos. A. SMITH.



APPENDIX II

THE COMMITTEE ON NAVAL BOILERS.

H.M.S. Bulwark, AT RAPALLO,
12 th June 1904.

SIR, I have the honour to submit, herewith, to be laid

before the Lords Commissioners of the Admiralty, the final

Report of the Boiler Committee of which I am President.

Although I have not been present at the experiments carried

out during the last two years, I have received from time to

time all the reports, and they show the great care and pains
taken by the Committee to obtain correct results.

2. With reference to our previous Report, I am compelled
to say that my experience with the Belleville boilers on the

Mediterranean Station has been very favourable to them as

a steam generator, and it is clear to me that the earlier

boilers of this description were badly constructed and badly
used. We have had no serious boiler defects in any of the

ships out here, and the fact that two ships are about to be
recommissioned with only the ordinary annual repairs being
undertaken shows that their life is not so short as I orginally
supposed. However, the second commission of these ships
will be a very good test of the staying capabilities of their

boilers.

3. In conclusion, I cannot express too highly my opinion
of the work done by my colleagues on the Committee. I

have the honour to be,

SIR,
Your obedient servant,

(Signed) COMPTON DOMVILE,
Admiral and Commander-in-Chief^
President of the Boiler Committee.

The Secretary to the Admiralty.
622
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REPORT OF THE COMMITTEE ON NAVAL
BOILERS.

June 1904.

1. The Committee on Naval Boilers appointed by the

Lords Commissioners of the Admiralty in September 1900,

having completed their investigations and experimental trials,

and being in a position to recommend standard types of

boiler for use in H.M. Navy as requested in their Lordships'
letter of 28th February 1901, have the honour to submit their

final Report.

2. A statement of the work of the Committee up to May
1902 was given in paragraph 2 of their Report of that date.

Since then the reboilering of H.M.S. Medea with Yarrow
large-tube boilers and of H.M.S. Medusa with Diirr boilers,

together with the necessary machinery alterations, have been

completed under the supervision of the Committee, and the

boilers of both ships have been thoroughly tested. The
results obtained are recorded in a separate Report. As
requested by their Lordships in their letter S||-(nrr f !9tn

November 1902, the Committee have also carried out a series

of trials of the Babcock & Wilcox boilers of H.M.S. Hermes,
which extended from 7th October 1903 to i6th May 1904.
These trials also form the subject of a separate Report.

3. The Committee have from time to time reported the
results of their investigations, and they have also answered
such questions as have been put to them by their Lordships.
The Reports and other documents which have already been
forwarded include :

(a) The Interim Report forwarded on the igth February
1901.

(b) Minutes of the evidence given before the Committee,
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together with the Appendix thereto, forwarded
26th April 1901.

(c) Report on the trials of the Hyacinth, Minerva, and
Saxonia, together with a Summary of Conclusions,
forwarded 2yth November 1901.

(d} Progress Report for the year 1901, forwarded 3ist
December 1901.

(e) Report on the relative economy and efficiency of

Belleville and cylindrical boilers in commissioned

ships, forwarded 29th April 1902.

(/) Report of May 1902, together with the Appendix
thereto.

(g) Report on the trials of the Seagull, Sheldrake,

Espiegle, and Fantome, forwarded 5th August 1902.

There are now submitted with this Report :

(h) Report on the trials of the Medea and Medusa.

(z) Report on the trials of the Hermes.

4. The Report of May 1902 was intended to be final as

regards the Belleville boiler, and the Committee have since

seen no reason to modify the opinion expressed in para-

graph 6 of that Report, viz., that it is "undesirable to fit

any more of this type in H.M. Navy."

5. In paragraph 5 of their Report of May 1902, the Com-
mittee stated that the experience obtained by them since the

date of their Report of February 1901, had confirmed them in

the opinion that " the advantages of water-tube boilers for

naval purposes are so great, chiefly from a military point
of view, that, provided a satisfactory type of water-tube boiler

be adopted, it would be more suitable for use in H.M. Navy
than the cylindrical type of boiler."

In their Reports of 1901 and 1902, the Committee expressed
the opinion that four different types of water-tube boiler, viz :

(a) Babcock & Wilcox,
(ft) Niclausse,

(c) Diirr, and

(d) Yarrow, large-tube,

were sufficiently promising to justify their use in H.M. Navy
in combination with cylindrical boilers. Having concluded

their experimental investigations, they are now satisfied that
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two of these four types, viz., the Babcock & Wilcox, similar

to that tried in the Hermes, and the Yarrow large-tube,
similar to that tried in Mtdea, are satisfactory, and are suitable

for use in battleships and cruisers without cylindrical boilers.

In the Babcock & Wilcox boiler, the generating tubes are

nearly horizontal
;

in the Yarrow boiler, they are nearly
vertical. Each type has its particular advantages, and only
long experience on general service can show which is, on

whole, the better boiler. For the present, the Committee

unanimously recommend both types as suitable for Naval

requirements.
In making these recommendations, the Committee

recognise that the upkeep of any water-tube boiler is likely
to be heavier than that of the cylindrical boiler, but they
are of opinion that the two types they now recommend will

cost less for upkeep than the other types of large straight-
tube boiler which they have had under trial.

6. The Committee make these recommendations after

investigations and trials carried out under their super-
intendence extending over a period of nearly four years.

The ships in which each type of boiler has been tried by
the Committee are :

Cylindrical . . H.M.S. Minerva and R.M.S. Saxonia.
Belleville . .H.M.S. Diadem and H .M . S. Hyacinth.
Babcock &

Wil-j
H.M.S. Sheldrake, H.M.S. Espiegle,

cox . . . \ and H.M.S. Hermes.
Niclausse . . H.M.S. Seagull and H.M.S. Fantdme.
Diirr . . . H.M.S. Medusa.
Yarrow large-tube H.M.S. Medea.

7. Although the Committee have no knowledge of any
type of water-tube boiler which is likely to prove more suit-

able for H.M. ships than the two recommended, there are
other types which may be considered worthy of trial later

on. If any type of boiler is considered in future to be of
sufficient merit to justify its trials in the Navy, it is recom-
mended that it be fitted in a new vessel not smaller than a
second-class cruiser.

8. As in their previous Reports, the Committee do not
offer any remarks on the most suitable type of boiler for

small vessels of high speed. From the nature of the case,

2 R
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some form of "express" boiler with small tubes closely

pitched is absolutely necessary in order to obtain such a
ratio of output to weight of boiler as is required in torpedo-
boats and destroyers. For small cruisers, however, which
have to keep the sea and act with the Fleet, it is probable
that a boiler such as the Yarrow large-tube would, on the

whole, give better results than the "express" types which
have hitherto been fitted.

9. In reference to paragraph 3 (b] of their Lordships'
letter of 6th September 1900, and to the Committee's Report
of May 1902, they desire to call attention to the break-down
of the Hyacinth machinery on i6th February 1903, and
to the trouble experienced with the bearings in the Hermes

during the homeward run from Gibraltar, which strengthen
the recommendation of the Committee contained in paragraph
13 (11) of the Report of May 1902, viz., "They consider it

desirable, where practicable, to increase the length of stroke

and reduce the number of revolutions per minute as com-

pared with the recent practice in H.M. Service."

10. The principal comparative results on which the

recommendations of the Committee are based are set forth

in the succeeding paragraphs. Full details are given in the

separate Reports of Trial.

11. Thermal Efficiency of Boilers. The full tables which
are appended to the Committee's Reports give the efficiency
of each type of boiler under very varied conditions. The
results are here summarised :

The best obtained with the Babcock & Wilcox boilers

of the Hermes were during the trials of furnace gas
baffling, the boilers in the middle boiler-room, with vertical

baffles and a forced air supply over the fires, giving the

high efficiency of 81 per cent, on a 30 hours' trial when
20 Ibs. of coal were being burnt per square foot of fire-grate

per hour, and an efficiency of 77.8 per cent, on a 29 hours'

trial when burning 27 Ibs. per square foot, these rates of

combustion corresponding to the ordinary rate of steaming
and to the full power of the boilers respectively. The
boilers of the Hermes with the restricted up-take baffling
and without any special air supply over the fires, had a
maximum efficiency of 75.8 per cent, on a 12 hours' trial

when burning 20.5 Ibs. per square foot per hour. On three
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trials of over 24 hours' duration each, and when 19 Ibs. were

being burnt per square foot per hour, the efficiency was in

each case practically 71 per cent. When burning 29 Ibs.

per square foot per hour for 7 hours, the efficiency of these

boilers were 66.3 per cent. ;
but the weather during this test

was so bad that the trial, which was to have been of 8 hours'

duration, had to be stopped after the seventh hour on this

account. During the baffling trials, however, in good
weather, an efficiency of 70.3 per cent, was obtained on the

30 hours' trial, when burning 27 Ibs. per square foot per
hour, or practically the full output.

The maximum efficiency of the Yarrow boilers of the

Medea, viz., 75.7 per cent., was obtained on a 26 hours'
trial when burning 18 Ibs. per square foc/t per hour

;
their

efficiency, when burning at the maximum rate of combustion,
viz., 40 Ibs. per square foot per hour for 8 hours, was 69.5

per cent. On trials of over 24 hours' duration each, burning
from 17 to 21 Ibs. per square foot per hour, the efficiency
remained at or over 75 per cent.

The Belleville boilers of the Hyacinth had a maximum
efficiency of 77.2 per cent, recorded on a 24^ hours' trial,

when 16 Ibs. of coal were being burnt per square foot of

fire-grate per hour. When burning 20 Ibs. per square foot

per hour for n hours, the efficiency was 73.3 per cent., and

burning 17.4 Ibs. for 24 hours, it was 71.8 per cent. The
efficiency of these boilers on an 8 hours' trial in fine weather,
when burning 27 Ibs. per square foot per hour, correspond-
ing to the full output of the boiler, was 65 per cent.

The maximum efficiency of the Diirr boilers of the
Medusa was 64.8 per cent., obtained on an 8 hours'

trial, when burning 35 Ibs. per square foot per hour, this

being the maximum rate of combustion with these boilers ;

the efficiency, when burning 16 Ibs. per square foot per
hour for 26 hours, was 63.8 per cent. On trials of over

24 hours' duration each, and burning 18 Ibs. and 21 Ibs.

per square foot, the efficiencies were 61.7 per cent, and 60.3
per cent, respectively.

Of the cylindrical boilers tried, those of the Saxonia,
on the only trial made, which was of 13 hours' duration,
and on which 20 Ibs. per square foot per hour was burnt,
had the high efficiency of 82.3 per cent.

The maximum efficiency obtained with the cylindrical
boilers of the Minerva was 69.7 per cent., which was
recorded on a 25 hours' trial when burning 14 Ibs. per square
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foot per hour
;
on a trial of 8| hours' duration, with re-

tarders in the plain tubes and burning 29 Ibs. per square
foot, the efficiency was 68.4 per cent.

In the smaller ships, the maximum efficiency of the

Babcock & Wilcox boilers tried was 66 per cent, on a 12

hours' trial burning 18 Ibs. per square foot per hour in the

Sheldrake, and 73.2 per cent, on a 9 hours' trial burning
13 Ibs. per square foot in the Espiegle. The maximum
efficiency obtained by the Niclausse boilers of the Seagull
was 66.9 per cent, on an 8 hours' trial burning 13 Ibs. per
square foot, and by those of the Fantome, 69.8 per cent,

on a 9 hours' trial burning 14 Ibs. per square foot.

12. A noticeable feature in connection with the boiler

efficiencies is the improvement in the results obtained with
the later boilers of the Babcock & Wilcox type. The
earliest of these, fitted in the Sheldrake in 1898, showed
efficiencies ranging from 66'O per cent, to 59-2 per cent.

;

the boilers fitted in the Espiegle in 1901 showed improved
efficiencies ranging from 73.2 per cent, to 63.1 per cent.

Those of the Hermes fitted in 1903, show a still further

gain in economy, the efficiencies ranging from 75.8 per cent,

to 66.3 per cent., and the same boilers, after modification,

showed, on one occasion, the high efficiency of 81 per cent.

It is noticed in this connection that the three sets of Babcock
and Wilcox boilers tried differ from each other in the arrange-
ment of their heating surface and furnace gas baffling.
The boilers of the Sheldrake were fitted throughout with
tubes iy ins. in diameter, without any baffles for furnace

gases ;
the boilers of the Espiegle were fitted throughout

with tubes 3y ins. in diameter, vertical baffles being placed

among the tubes and causing a zigzag flow of the gases ;

the boilers of the Hermes were fitted with two rows of

3f ins. diameter tubes immediately over the fire, the

remainder of the tubes being iyf ins. diameter and the

baffling of the furnace gases was effected by a restriction

of the space for the passage of the gases between the top
row of tubes. Those boilers of the Hermes which showed
the efficiency of 81 per cent, were similar in construction

to those last mentioned, but the baffling of the furnace

gases was by a vertical system which caused a zigzag flow

of the gases over the heating surface, and, in addition, a
forced air supply was introduced above the fires. (See

"Report on the Trials of H.M.S. Hermes:'}
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The arrangement of the heating surface in both the

earlier and later boilers of the Niclausse type was the same,
and the thermal efficiencies of the two sets of boilers were

very similar.

13. Wetness oj Steam. As explained in other Reports, the

wetness of the steam was taken throughout the Committee's
trials by means of a Carpenter's calorimeter. Experience
in the Medusa satisfied the Committee that the results

registered by this instrument are trustworthy.
As regards the production of dry steam at all rates of

combustion, the Yarrow large-tube and the later Babcock
and Wilcox boilers have given the best result.

14. Loss of Water. The loss of feed-water with each of

the four types of boiler under consideration has been
moderate throughout the Committee's trials. In the runs
to Gibraltar and back, carried out with the Medea and
Medusa the loss of water was small, being at the rate

of 1.6 and 1.8 tons per 1,000 horse-power per day respec-

tively. On the 140 hours' endurance trial of the Hermes
the loss was 3.8 tons per 1,000 horse-power per day.
The loss of water may be expected to be greater in boilers

fitted with many doors than in those fitted with but few and
to increase as the doors and joints become worn. In this

respect, the Yarrow boiler, having only three manhole doors,
has an advantage.

15. Examination and Cleaning of Interiors of Tubes. Of the

boilers tried by the Committee, the Yarrow boiler can be

internally examined and cleaned in the shortest time and
with the least amount of labour to obtain access for such
an examination and cleaning it is only necessary to remove
three manhole doors. The Babcock and Wilcox type is less

easily examined and cleaned two small doors have to be
removed for each tube, and these have to be rejointed after

the examination and cleaning have been completed. In
order to carry out a thorough examination of the tubes of
the Diirr boiler, it is necessary to remove a hand-hole door
at the front of each tube, the diaphragm washer of the
internal tube, the internal tube itself, and the cap nut at

the back end of the generating tube
; but, in order to carry

out a thorough cleaning, it is also necessary to remove the

generator tubes from the boiler, and after the cleaning is
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complete, these have to be replaced, this being a long and
tedious process. The work connected with the examination
and cleaning of the tubes of Niclausse boilers is very similar

to that necessary with the Diirr boiler. Further, the cap
nut at the back end of the Diirr boiler tube permits of each
tube being readily emptied, while owing to the back end
of Niclausse boilers being inaccessible, some process is

necessary to empty the tubes when required, such as blow-

ing the water out of the tube by a special pump and hose.

The necessity for being able to withdraw each of the

tubes in a direct line with its axis, renders the clear space
required for the installation of Diirr and Niclausse boilers

considerably more than would be required for boilers of
other types. For warships, where the stokehold space is

very limited, this must necessarily cause considerable in-

convenience in the arrangement of pipes and auxiliary
machinery.J

1 6. External Cleaning of Tubes. In both the Medea
and the Hermes it is possible to partially clean the tubes

externally, when the fires are alight, by means of air lances.

The tubes in the Medea can be thoroughly cleaned

externally when the fires are not alight, as they can be

swept in three directions, viz., from the furnace, from the

smoke-box and from the front of the boiler. The tubes of

the Diirr and Niclausse boilers cannot be so thoroughly
cleaned externally in place as those of the Medea, the

number of rows being greater and the overlapping of the

baffles preventing portions of certain tubes being touched.
In the Babcock & Wilcox boilers, the tubes can be swept
horizontally through side doors fitted to the casings, but,
as the boilers in the Hermes were originally fitted, the

sweeping in a vertical direction was difficult. After the

alterations of baffling, the sweeping vertically can be carried

out, but necessitates the removal of portions of the baffles.

It is to be recognised that any system of baffling among
the tubes, however it may improve the circulation of the

gases, renders the cleaning of the tubes themselves more
difficult.

17. Bending of Tubes. After the Medusa had completed
her preliminary runs, it was found that all the tubes of

the bottom rows had curved upwards in the middle, the

maximum bending being IT\- ins., and these tubes were
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removed and straightened before starting on the Committee's
trials. These tubes had to be straightened again in August
1903, and again at the conclusion of the Committee's trials

in February 1904. When the Committee visited H.M.S.
Berwick in April 1904, it was noticed that the tubes of

the bottom rows of the boilers (Niclausse type) were bent

upwards, and the members were informed that the maximum
bending on the 22nd March 1904 was f in.

;
the ship was

new in 1903, and only commissioned in December of that

year. With the Niclausse, and also with the Diirr, boiler,

considerable bending of the tubes of the bottom rows must
be expected, and it will be necessary to straighten these

tubes when the amount of bending exceeds in. This
will entail a considerable amount of extra work with these

types of boiler, which will be off service for corresponding
periods. The upward bei*d of the generator tube is often

greater than the space between the inner and outer tubes,
and as the inner tube, which is only supported at the two

ends, remains straight, it is liable to touch the outer tube
at some point, thus impeding the circulation of water
between them. To prevent this, it may be necessary to

support the inner tube at the middle of its length as well as

at the back end, so that it must bend with the outer tube.

In the case of the Yarrow boilers of the Medea the

Committee experimented in six of the boilers with the

fire-rows of tubes purposely bent, as described on page 9
of the ' '

Report on the trials of the Medea and Medusa,
"

with the object of overcoming some slight leakages of tube
ends which showed themselves when working under forced

draught. In two boilers, the tubes of the fire-rows were left

straight. Although these bent slightly in use, no trouble

was experienced with them
; and, during the later trials,

these boilers proved to be as satisfactory as regards freedom
from leakage as those in which the fire-rows had been put
in bent. The Committee have suggested in their letter of

the 2ist December 1903, concerning the Yarrow boilers

proposed for H.M.S. Warrior, that the tubes of the

fire-rows be bent i in. from the straight, and this recom-
mendation they think should apply to future designs.

In the Babcock & Wilcox boilers of the Hermes,
although some of the tubes of the bottom rows have bent,
no leakage of tube ends has resulted, and it has not been

necessary to remove any tubes for straightening or re-

newal.
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1 8. Corrosion of Tubes and Wear of Casing and Uptakes.
In none of the four types of water-tube boiler which were
recommended for trial by the Committee has there been

any considerable corrosive decay of tubes, and the ordinary
wear has been very slight. On the conclusion of the Com-
mittee's trials, the tubes of the boilers of the Medea and
Hermes had not deteriorated to any appreciable extent.

This applies also to the Medusa, except that the internal

tubes have shown signs of roughening.
In the Medusa (Diirr boiler), there was some buckling

of the side casings of the boilers and some of the casing
doors at the back of the boilers became warped and
burnt.

No trouble was experienced in connection with the

casings and uptakes of the Yarrow boilers of the Medea
and very little with those of the.Babcock & Wilcox boilers

of the Hermes. From the experience of the Committee
with the boilers of the S.S. Martello, employed on the

Atlantic trade for nearly four years, and also from their

experience to date with the Hermes, it is considered that

the durability of the casings and uptakes of Babcock and
Wilcox boilers will prove to be satisfactory under the

ordinary conditions of naval service.

In the Yarrow boiler the temperature of the furnace

gases is considerably reduced before they reach any part
of the side casings, and, in consequence of this moderate

temperature, the casings and uptakes of the Medea's boilers

were uninjured on the conclusion of the Committee's
trials.

In this respect the Yarrow boiler is superior to the other

types of water-tube boiler which have been tried by the

Committee.

19. Liability to Damage from being forced. The makers
of the Diirr boilers stated that not more than 35 Ibs. of coal

should be burnt per square foot of fire-grate per hour in the

Medusa. The Committee consider that this limitation of

the quantity of coal to be burnt was prudent, as the over-

heating and bending of tubes in one of the boilers during
the full-power homeward run from Gibraltar were, in the

opinion of the Committee, due to the fact that the safe limit

had been exceeded. It is also considered that the limitation

of the amount of coal to be burnt per square foot of grate
applies with even greater force to the Niclausse boiler, as
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the supply of water to the tubes is freer in the case of the
Diirr boiler than in that of Niclausse. As the result of their

trials, the Committee find that the Yarrow boiler can be

severely forced without danger, and that the Babcock and
Wilcox boiler can with safety be forced to the extent shown
in the Reports.

20. Skilled Firing required. The satisfactory stoking of

water-tube boilers requires a higher degree of skill than that

of cylindrical boilers, and this is more necessary with the

large grates of the Diirr, Niclausse and Babcock and
Wilcox boilers than with the smaller grates and better

shape of combustion-chamber of the Yarrow. The stoking
in the Medea, Medusa, and Hermes was good throughout
the trials, and towards the end was excellent. Under
ordinary service conditions, such good firing can hardly be

expected, at least until a vessel has been some time in

commission. Good results can, however, be obtained with
Yarrow boilers with engine-room complements new to the

ship, as shown by the trials to Malta and back which have
been made by the Medea since the completion of the
Committee's trials with that vessel.

21. Superheated Steam. The Diirr boiler was the only
one tried by the Committee which had any arrangements
for superheating. It was fitted with complicated directing
plates in the steam collector and with superheater tubes.

The fittings in the steam collector are undesirable, and they
and the superheater tubes will probaby require frequent
renewal, while the amount of superheat obtained by their

use was small, even when the temperature of the funnel

gases was abnormally great. The results obtained \vere not
sufficient to enable the Committee to express any opinion as
to the value of superheating as applied to naval boilers.

22. Feeding of the Boilers. No trouble has been ex-

perienced with the feeding of any of the four types of boilers
under consideration. In the Medea and Medusa, the
boilers were fitted with automatic feed-regulators. It was
found, however, that these were not sufficiently sensitive in

opening and closing (allowing a variation of level of about
6 ins. in the gauge-glass) ;

the feed was therefore regulated
throughout the trials by hand, no trouble being experienced
in doing this. For a similar reason, the feed was regu-
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lated by hand in the Hermes during the trials. In the
Medea the feed-regulators were inside the steam collectors
and interferred with the examination and cleaning of the
middle rows of tubes. The Committee consider that the
balance of advantages rests with the omission of automatic

feed-regulators in boilers such as the Yarrow large-tube and
the Babcock & Wilcox, where there is a fairly large reserve
of water in the boiler.

23. Salt Water. The Report on the trials of the Medea
and Medusa contains a description of experiments made
on the Yarrow and Diirr boilers in regard to their behaviour
when working with brackish water. These experiments,
so far as they went, indicated that neither type of boiler was
likely to give trouble from this cause. In the case of the
Yarrow boiler, this result has been corroborated by the fact

that on a recent voyage the Medea is reported to have
had leaky condenser tubes and a corresponding density in

the boilers without any bad effect.

24. Relative Weights. In the case of the Hermes, the
Medea and the Medusa, the new boilers were installed

without any alterations being made in the stokehold floor

spaces. A comparison of weight and maximum output of
the boilers gives the following results :

Type of Boiler.
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25. The Committee are under great obligation to Mr C. J.

Wilson, F.C.S., who has, during the four years of their

work, given his valuable personal attention to the analysis
of funnel gases and of coal samples without any remunera-
tion. They are also much indebted to Messrs Thomas
Wilson, Sons & Company, for permission to examine the

boilers of the S.S. Martello, and to Mr W. S. Hide, the

Superintending Engineer of that Company, for affording
the Committee facilities for carrying out the inspections and

giving information concerning the results obtained in the

running of that vessel.

26. The Committee desire in conclusion, to place on
record their appreciation of the assistance which they have
received from their Secretaries. Captain Browning, R.N.,
acted as Joint Secretary until his appointment to H.M.S.
Ariadne in 1902. Engineer -lieutenant W. H. Wood.
R.N., has continued to act as Secretary throughout their

whole work. The diligence and energy which the latter

officer has shown in carrying out his work, his knowledge
of the scientific as well as of the practical side of marine

engineering, and his capacity for dealing both with details

and with general organisation, have been invaluable to the

Committee throughout, and especially in connection with

the carrying out of their boiler trials at sea, a work of no
little difficulty and complexity, and they desire to bring his

services to the favourable notice of their Lordships.

(Signed] COMPTON DONVILE.
Admiral and Chairman.

JAS. BAIN.
JOHN INGLIS.
ALEX. B. W. KENNEDY.
JOHN LIST.

J. T. MILTON.
JOS. A. SMITH.

WM. H. WOOD,
Secretary.
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Astatki, analysis of, 128 ; calorific value

of, 128 ; specific gravity of, 128

Atlanta, b ilers of, 366
Attachment of Belleville boiler tubes to

junotin boxes, 331 ; of furnace to

combustion chamber, 243
Audenct and the clos-d ashpit system,

82
;
increased production of saturated

steam, 84

Aurous, modification of Bourdon-Thierry
apparatus, 65

Australien, Belleville boilers, 320, 335
Automatic feed regulators, Be'leville,

323, 570 ; Messier, 574 ; Normand,
574 ; SigauHy, 570 ; Thornycroft, 572 ;

Yarrow, 574

stoking, 112
tube stoppers, Ravier, 516

water-gauge, Hopkinson's, 564

Auxiliary machinery, 44
; consumption

of coal by, 11

oil engines, 173

Averne, nccident to Du-Temple boiler

of the, 109 ; table of boiler weights, 529

Aydon & Selwyn burner, 141

B

BABCOCK & WILCOX boilers, 84, 309,
358

;
construction of, 3(56

;
details of,

634 ;
in the Africa, 364 ; in the

Alert, 864 ; in the Annapolis, 365 ;

in the Argyll, 364 ; in the Atlanta,
366

;
in the Black Prince, 364 ; in

the Britannia, 364
;

in the Buenos

Ayrean, 360 ; in the Challenger, 364 ;

in the Chicago, 366 ; in the Cincinnati,
366 ; in the Commonwealth, 364 ;

in the Cormvall, 364 ; in the

Dominion, 364 ; in the Dreadnought,
364 ; in the Duke of Edinburgh, 364 ;

in the Espiegle, 364
; in the Hermes,

364; in the Hero, 360; in the

Hibernia, 364 ; in the Hindustan,
364 ; in the Xing Edward VII., 364

;

in the Lord Nelson, 364 ; in the

Numidian, 360 ; in the Minotaur,
364 ; in the Marietta, 365 ; in the

Marietta, 360 ; in the Odin, 364
; in

the Queen, 364 ; in the Sheldrake,
361

;
in the Turret Cape, 360 ; tested

by Boiler Committee, 364
; Boiler

Committee's report on, 617 ; thermal

efficiency of, 626
;
trials of, 362

;
tubes

of. 360
Babillot boiler, Charles &, 403

Baden, Diirr boilers of, 399

Baffles, 63 ; increased efficiency due to,

473

Ban/shire, Ellis and Eaves' forced

draught, 95

Barham, Thornycroft boilers, 455
Barret and Lagrafel boiler, 346

Bayern, Diirr boilers of, 399

Bedford, liquid fuel in, 167 ;
mixed

firing in, 167
Belleville automatic feed regulator, 570

boilers, 34. 66, 85, 309, 310,

326, 521 ;
water level in, 326 ;

Admiralty report on, 333
;
in Alger,

336; in Australien, 335; auto-

matic feed regulators of, 329 ; Boiler

Committee's objections to, 619
;

Boiler. Committee's report on, 617 ;

Bourdon-Thierry apparatus applied to,

66
; casings, 330 ; comparison with

D'Allest and Niclausxe boilers, 521 ;

corrosion of tubes, 216 ; course of

furnace gases in, 329 ; 1866 type,
312 ; 1869 type, 313, 317 ; 1872 type,
318 ; modern type, 326 ; details of,

634
;

details of construction, 330
;

downcomers of, 327 ; durability of,

332 ; economisers, 329
;
economises

fitted to, 320
;

elements of, 326 ;

facility for repairs, 330 ; feed -water

collector, 326 ; French Navy report

on, 333 ; general f> atures of, 332
;

in Hermes, 364; history of, 310;
in Hyacinth, 333 ; in Leger, 336 ;

in Levi'ier, 336 ; liability to priming,
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108 ; liquid fuel tests with, 167 ;
in

Marseillaise, 336 ; maximum H.P. per

sq. ft. of grate, 506 ; in Orteg-l, 335 ;

iii I'othuan, 336 ; repairing of, 335 ;

in Saint Louis, 336 ; separators in,

327 ; size of tubes, 330 ; space occu-

pied, 336, 528; tube cleaning, 104;
attachment of t'ibes to junction boxes,
331 ; table of weights, 5^7 ; trials on

the Chasseloup-Laubat, 393 ; thermal

efficiency of, 627
;
on Voltigeur, life

of, 335; weight of, 336, 527 ;
with

economisers, 321 ;
with feed - water

heaters, 321

Bel eville, Niclausse, and Du Temple
boilers, comparison of, 510

reducing valve, 552
;
steam separa-

tor, 312, 327, 556 ;
economisers of

Europa, 511

Bellona, boilers in, 449 ; boiler trials of,

457 ; Thornycroft boilers, 455

Bending of tubes, 630

Beowulf class, boilers of, 465 ; loco-

motive boilers in, 292

Berlin, SS., Ellis & Eaves' forced

draught, 95

Bertheau oil engine, 172
Berthelot and Vieille calorimeter, 48,

175

Berwick, Niclausse boilers of, 395

Besseges briquettes, 54

Bichf., Belleville boiler of, 311

bievre, forced draught on, 72

Bigot boiler, 369 ; distiller, 601

Bird's-nesting, 2 (I7

Black Pri'ice, boilers of, 364
Black Sea Fleet an-1 liquid fuel in, 166

Blake, loss of speed in the, 79

Blast furnace oil, 121

Blechynden Boiler, 476

, experiments on the transmission

of heat, 192, 195

BUville, heaters of the, 76, 78

Blidah, D'Allest boiler, 348

Blower, Roots, 149
Blow-off cocks, 577
Board of Trnde safety-valve test, 510
Boiler accident on the Aeyir, 466 ; on

the Ariadne, 466 ; accidents with the
Niclausse boiler, 397

Ansaldo, 486 ; Rabcock & Wilcox,
309, 358 ; Helleville, 326 ; H.-rrot,

495
; Brillie, 496 ; Brosse and Fouche",

345; Charles & Habillot, 403 ;

Climax, 375 ; Collet, 384 ; Creuzot,
370 ; De Dion - Bouton -

Tre"pardoux,
370; D yere, 490; Diirr, 399; Du
Temple, 449 ; Field, 383 ; Fleming
& Fergusson, 478; Grille -

Solignac,

380
; Guyot, 309 ; Haythorn, 487 ;

Herisson, 405 ; Joya, 40? ; Kelly,
4<'5 ; Lagosse, 476 : Lane, 405 ;

Leblond & Caville, 380, 486 ; Len-

cauchez, 377; Marshall-Th rnycroft,
378 ; Menay, 40.i

; Moutoupet, 402 ;

Mosher, 460
; Mumford, 48 ^

; Mya-
bara, 4P7 ; Naeyer, 405 ; Niclausse.

386 ; Pattison, 403, 495 ; Petit-

Godard, 379; Philips, 495; Root,
405 ; Seaton, 482 ; Sinclair, 405 ;

Smith, 497 ; Solomiac, 500 ; Swedish

type, 486 ; Symon - House, 461 ;

Turban, 493
; Ward, 371 ; Watt, 405 ;

Weir, 466
; White Forster, 479

Boiler, area at varioxis sections, 62

Committee, Interim Report of,

617
; objections to Belleville boilers,

6 1 9 ; report on babcock & Wilcox

boilers, 617 ; on Belleville boilers,

617; on Diirr bo lers, 617; ou
Niclausse boilers, 617 ; on Yarrow

large
- tube boiler, 617

; tests of

Babcock & Wilcox boilers, 364

, construction, details of, 330 ;

construction of Babcock & Wilcox,
366 ; efficiency, 45, 175 ; explosion in

Mutine, 335 ; explosion in Terrible, 335;

fittings, 3P, 537 ; furnaces, construc-

tion of, 235
; general features of the

Niclausse, 393
;
launch type of Ward,

493
;

life of Du Temple type, 512 ;

life of Mariue, 299
; mountings, classi-

fication of, 529 : new type of D'Allest,
487 ; new type of Thornycrof't-Schulz,
462 ; plates, effect of unequal heating,
287

; pressures, rise of, 224 ; seams,
272 ; single coil, 338

she'l, 271 ; of the My, 278 ; of the

Lorraine, 279 ; strength of, 276
trials in the Alert, 364

;
Babcock &

Wilcox, 362
;
in the Bellona, 457 ; in

the Bugeaud, D'Allest, 393
;
in the

Challenger, 365 ; in the Chasseloup-
J.aubat, Belleville, 393 ; in the Cin-

cinnati, 366 ; in the Commonwealth,
36.T ; in the Cornwall. 365 ;

in the

D'Est.re'es&nd Infernet, Normand, 448 ;

in the Dominion, 365
;
duration of,

112 ; evaporation tests, 54 ; in the

Friant, Niclausse, 394 ; in the

Furieux, 322 ; in the Hermes, 365 ;

in the Hindustan, 365 ; in tb&Jurien-
dt-la- Graviere, du Tempi" - Guyot,
448 ; in King Edward VII., 365 ;

Niclausse, 395 ; in the Sheldrake,
362

;
in the Ttmeraire, 397 ; Weir

boiler, 469
tubes of Babcock & Wilcox, 360 ; of

the Bombe, 352 ;
of the Buuvet, 326 ;
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circulation in, 354 ; diameter of, 207 ;

to junction boxes, attachment of,

33 1 ; tubes of Normand b iler, 432
;

rupture of, 331 ; of the Sfax, 207 ;

sizes <>f, 386
;

solid drawn, 331
;

stopper, automatic, 516

Boilers, Admiralty report on Marine,
613; circulation in, 416; comparison
of Du Temple, Belleville, and
Niclausse, 510; double-ended, 227;
early types of Schulz, 458 ;

in the
German Navy, locomotive, 292

;
in

Germany, cylindrical, 526
;

in

Germany, tubulous, 526
;
in Holland,

Yarrow, 526
; insulating action of

scale in, 1 95 ; feeding of the, 633
;

multiple coil, 338
; relative weights

of, 634
; report of Committee on

Naval, 12th June 1904, 622
;
technical

considerations and cost of, 509
;

thermal efficiency of, 62(5 ; use of salt

water in, 634
;

with a single Hat
water space, 377 ;

with economisers,
Belleville, 321

; with Field tubes, 493
of war vessels, evaporation in,

417

tubulous, with accelerated circula-

tion, 35, 309, 406; with free i-ir ula-

tion, 34, 309, 339; with limited

circulation, 34, 309, 310

,
\ arious types, 40o, 496
of Achille*, 474 ; Actif. Rowan in,

420 : of Aegir, 465
; Thornycroft-

Schulz in Aegir, 292 ; of Africa, 364
;

of Agda, 486
;
of Alert, 364

;
of Ame-

thyst, 474; of Annapolis, 365; of

Antrim, 474 ;
of Aquilon, 434

;
of

Argus, 312
;

of Argyll, 364 ; of

Ariadne, 465, 614
;
of Arkansas, 465;

of Arrogant, 615 ; of Askold, 46:> ; of

Atlanta, 3Q*;ofBden, 399; ofBayern,
399 ; ofBellona, 49 ; of Beowulf class,

292, 465 : of Berwick, 395 ; of Black

Prince, 364
;
of Britannia, 364 ; of

Buenos Ayrean, 361 ; of Cadmus, 395;
of Carnarvon, 395

;
of Cecile, 31 ; of

Challenger, 364
;
of Charlemagne, 319 ;

of CMteau Renault, 435
;
of Chicago,

3ti6; of Chisima, 294 ; of Chevalier,
426 ; of Cincinnati, 3t56

; of Clio,
3^5 ; of Coehrane, 474 ; of Colora w,
394; of Columbia, 231 ;

of Common-
wealth, 364

;
of Conde, 394, cost of,

510 ; of Connect' cut, 394 ; of Cornwall,
364; of Cristobal Co/on, 395; of

Dan/o, Schulz, 459 ; of Daring, 457 ;

of Defence, 474 ;
of D'Entrecastenux,

32; ofD'Estrees, 447; of Devonshire,
395 ; of Diadem, 615 ; of Dominion,

364 ; of Don Carlos, 475
;
of Dragon,

4 23
; of Dreadnought, 364

;
of Drdme,

22(5; of Duke of Edinburgh, 364; of

Dunois, cost of, 510 ; of Ernest Renan,
394 ; of Espiegle, 364, 625

; of Estre-

madura, 465 ; of Europa, 614 ; of

Fantdme, 395, 625 ; of J>'aucon, 2*6 ;

of Flamne, 35 ;
of F/eurus, 2 54, cost

of, 510; of Forban, 434, 436; of

Frrya, 395 ; of Friesland, 475 ; of

Furious, 615 ;
of Garibaldi, 394 ;

of

Gazelle, 395 ; of Gelderland, 475 ;
of

Georgia, 394 ; of Germanic, 229 ; of

Gladiator, 614
; of Gluire, 394, cost

of, 510 ; of Guichen, 349 ; of Hamp-
shire, 474

;
of tiela, locomotive, 292

;

of Henry IV., 394
;
of Herluf-Trolle,

46.i ; of Hermes. 364, trials of, 623
;

of Hero, 360 ; of Hertug Hendrik, 475 ;

of Hibernia, 3*i4
;

of. Hindustan, 364 ;

of Hirondelle 1869, 315 ; of Hirondelle

1872, 317 ; of Holland, 475 : of

Hyacinth, 625
;
of Iltis class, 465 ; of

Infernet, 435 ; of My, 394
;
of Jagd,

locomotive, 2^2
;

of Jaureguiberry,
37 ;

of Jean-Bart, 30, 394 ; of Jeanne

d'Arc, 443, 444, 446, cost of, 510;
of Jurirn - de - la - Gra oiere, 448; of

Justice, 394 ; of Kaiser class, 46?
;
of

Kashiina, 395 ; of Katori, 395
;

of

Khrabry, 394 ; of King Edv:ard VII.,
361 ; of Kleber, 394

;
of Koitiet. loco-

motive, 292; of Konigin -
Regentes,

476, 526 ; of Lahire, cost of, 510
;

of L"mpo, Schulz, 459
;

of Leun

Gambetta, 394, cost of, 510 ; of

Lepanto, 292
;

of Linois, 332 ; of

Lord Nelson, 364 ; of Maine, 394
;
of

Mangini, 428 ; of Marceti u, 33 ; of

Martello, 360, examination of, 635
;

of Marietta, 365
;

of Marseillaise,
elements of, 329 ; of Medea, 474,
623 ; of Medusa, 399, 623 ; of Meteor,

locomotive, 292; of Milan, 36, 511;
of Minerva, 625 ; of Minotaur, 364

;

of Missouri, 465 ; of Montcalm, cost

of, 510
;
of Monterey, 374

;
of Nntal,

474 ;
of New Zealand, 395 ; ol Niohe,

465, 615 ;
of Aorrf Brabant, 475

;
of

N"vik, 465 ; of Numidian, 360 ; of

Nymph, 465 ; of Odin, 364 ; of

Ohio, 465 ; of Pactolus, 615 ; of f'elayo,

394; of Pelorus, 449, 615; of Penn-

sylvania. 394 ; of Perseus, 614 : of

Polyphemus. 292
;
of Powerful, 615 ;

of Presfi/ente Sarmiento, 395
;

of

Prince Henrich, 399
;
of Prometheus,

614; of Prosperine, 449; of Qveen,
364 ;

of Hegina Margharita, 394 : of

Republique, 394
;

of Retvisan, 394 ;
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of Rhein, 399
;
of Roxburgh, 399 ; of

de Ruytcr, 475 ; of Sachsen, 399 ; of

Sainte Barbe, 312
;
of Saxonia, 625 ;

of Seagull, 395, 615; of Shannon,
474 ; of Sharpshooter, 615 ; of Shel-

drake, 361, 615 ; of Siegfried class,

locomotive, 292 ; of Suffolk, 395 ; of

Suffren, 394
;

of Surly, 166
;

of

Surprise, 234
;

of Temeraire, 397,
506

;
of Torpedo-boat No. 22, 356 ;

of Torpedo-boat No. 60, 291; of

Torpedo-boats Nos. 161 to 163, 344 ;
of

Torpedo-boats Nos. 172 to 176, 38 ;
of

Torpedo-boat No. 186,433; ofTorpedo-
boats, type B, 34 ; of Torpedo-boat,
type C, 470 ;

of Tromp, 175 ; of

Tutly, cost of, 510; of Turret

Cape, 360; of Utrecht, 475, 526;
of Variag, 394 ; of Veloce, 451 ; of

Victor Hugo, cost of, 510 ; Victoria

Louise, 399
; of Vinetta, 399 ; of

Virginia, 394
;

of Voltigeur, 611 ;

of Wacht, locomotive, 292 ; of

Warrior, 474 ; of Wittelsbach class,

465 ; of Yayfyama, 395 ;
of Zeeland,

475
Bomb calorimeter, 48, 175

Bombe, boiler tubes of the, 352 ; coal

consumption, 356 ; D'Allest boilers,

348, 351
;
locomotive boilers of, 304

;

priming of boilers, 353 ; replacing
tubes, 357 ;

substitution of D'Allest

for locomotive boilers, 356 ; table of

boiler weights, 304
Booth burner for liquid fuel, 141 ; tests

of, 141
Boothman feed-water filter, 588
Borneo oil, 125 ; analysis of, 128 ;

calorific value of, 128 ; specific gravity
of, 128

Bouet-Willaumez, fitted with Petit &
Godard boilers, 380

Bourdon pressure gauges, 537
Bourdon - Thierry system of forced

draught, 65

Bouigeois-Lencauchez boiler, 405

Bouvct, Belleville boilers of, 320, 527 ;

boiler tubes in, 326 ; coal consump-
tion of, 321; double safety-valve, f

538 ; results of trials of, 7. See Ash
Elector, 611

Bouvines, D'Allest boilers of, 348, 357
Box type of tubular boiler, 26

Boxer, Thornycroft boilers of, 455
Brass tubes, 252, 300 ; disadvantages of,

253

Brennus, Belleville boilers, 320 ; experi-
ments on distillers, 601 ; results of

trials of, 7, 14

Bretagne, table of boiler weights, 304
Brickwork for liquid fuel furnaces, 158
Brillie boiler, 496

Briquettes, 51, 54
; petroleum, 124

Britannia, boilers of, 364
British Admiralty, experiments with

liquid fuel, 121

Brocard, experiments on non-conducting
materials, 209

Brosse & Fouehe boiler, 345

Brosser, fornmla for escaping steam,
542 ; section of safety-valves, 542

Brown & Co.'s tests of liquid fuel, 161

Bruix, Belleville boilers, 320

Bubbles, steam, 106, 409
Buenos Ayrean, boilers of, 360

Bugeaud, Belleville boilers, 320 ; coal

consumption of, 522 ; combustion
trials of, 321

Burner, Aydon & Selwyn, 141 ; Booth's

li(|uid fuel burner, 141; Grundell -

Tucker, 148 ; H olden, 142
; Kermode,

149
; Korting, 154

;
in Mariposa, 146

;

Oil City Boiler Works, 149 ; Rusden
& Eeles, 144, 161 ; in Tebe, 155 ;

Urquhart, 142 ; used on Santa Fd
railroad, 141; for liquid fuel, 138;
in the Kensington, 161

, pressure-spraying, 152 ; steam-

spraying, 140 ; vapour, 151

Burning liquid fuel, free surface system,
138 ; mixed fuel, 165

Buteshire, Ellis & Eaves' forced draught
on, 95

CADMUS, boilers of, 395
Calculation of heating surface, 207
Califomian oil, 125

Caloric, feed -water heaters of, 87

Calorimeter, Berthelot and Vieille, 47,
175

Calorific value of Astatki, 128 ; Borneo

oil, 128 ; carbon, 47 ; carbon monoxide,
47 ; charcoal, 47 ; coal, Dulong's
formula, 48 ; coals, tables of, 48, 49 ;

hydrogen, 47 ; liquid fuel, 122 ; Texas

oil, 1^8

Campania, arrangement of combustion
chnmbers, 230

Capitaine Prat, table of boiler weights,
304

Caraman tube expander, 259
Carbonate of soda, use of, 217

Carbon, combustion of, 47
Carbon monoxide, combustion of, 47

Camot, particulars of D'Allest boilers

of, 628 ; results of trials, 14

2 S
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Carnarvon, boilers of, 395

Casabianr,a, D'Allest boilers of, 348

Casing and uptakes, wear of, 632

Casings, funnel, 533
of Belleville boilers, 330 ;

tubulous boilers, 213

Cassini, coal consumption of, 356 ;

particulars of D'Allest boilers of,

506, 528
Caustic soda in boilers, use of, 220

Caville, Leblond and, boiler, 486

Cecile, boiler of, 31 ; boiler tubes of, 251 ;

boiler shell of, 278 ; stays of combus-
tion chamber, 251 ; table of boiler

weights, 304

Challenger, boilers of, 364; boiler trials

of, 865

Charcoal, combustion of, 47

Charlemagne, coal consumption of, 325 ;

result of trials of, 7

Charles & Babillot boiler, 403
Charles Martel, D'Allest boilers, 348

;

funnel cover, 536 ; results of trials of,

7,14
Charner, Belleville boilers of, 320

Chasseloup-Loubat, Belleville boiler,

trials of, 393
;

coal consumption of,

356, 522
; D'Allest boilers of, 528

Chateau-Renault, boilers of, 435 ; forced

draught on, 79; liquid fuel on, 166 ;

Normand-Sigaudy boilers, 528
Chemical action in boilers, 217

properties of petroleum, 126

Chevalier, Du Temple-Normand boilers,

426 ; particulars of, 7, 14

Chevalier, tube cleaning, 105

Chicago, boilers of, 366

Chisima, Tenbrinck baffle in furnace,
294

Chloride of magnesia, effect of, 215

Cincinnati, boilers of, 366 ; boiler

trials of, 366
Circulation artificially aided, 578 ; in

boiler tubes, 354 ; boilers with ac-

celerated, 406 ;
boilers with free, 339

;

boilers with limited, 310
;

direction

of, 406 ; movement of water in circuit

of some height, 406 ; necessity of, 191 ;

of water in a boiler, 406, 416 ;

Yarrow's experiments, 416
;
in Yarrow

boiler, 472

Circulators, feed, 680
Ciron valve, 549

City of New York, Howden's system, 90

Classification of boiler mountings, 529
;

of tubulous boilers, 28, 309

Cleaning and examination of the

interiors of tubes, 629 ; of economisers,
325 : of grates, 102

;
of tubes, 104

;

external, 630; Climax boiler, 375

Clinker, soot and ashes, percentage of 1

52 ; use of steam to preveut formation

of, 101

Clio, boilers of, 395
Closed ashpit system, 80

; M. Daymard's,
82

stokehold system, 72, 75 ; effect on
of ) ayeyama, 78 ; fitted to

Conqueror, 7b ; to La Bourdonnais,
76 ; to Satellite, 76 ; inconvenience of,

79
Closed tube walls, 425
"Close test

"
of flash point, 129

Cloth filters, 586
Coal allowance while in commission, 12 ;

analysis of, 47 ; cohesive test of, 52
;

calorific values of, 48, 49 ; carried

and displacement, relation between,
10

; combustion of, 180
; composition

of, 47 ; consumption of Alarme, 74 ;

of Ariel, 75 ;
of Hornet, 321

;
of

Bugeaud, 522
; of Cassini, 356

;
of

Charlemagne, 325 ; of Chasseloup-
Laubat, 356, 522; of Dtfi, 74; of

Flibustier, 75 ; of Forban, 75 ; of

Fiiant, 522 ; of Gaulois, 325
;

of

Hoche, 77; of IndomptaNe, 17; of

Magenta, 77 ; of Marceau, 77 ; ofSfax,
76 ; of Tage, 76 ; of Tebe, 163'; of

Temeraire, 74 ; cost of grinding, 115;

evaporative test in French Navy, 52 ;

firing, powdered, 115 ; Gruner's classi-

fication of, 50 ; reception tests in

French Navy, 52
;
on trial, measure-

ment of, 111
; Picart's report on

relative values of, 53
; and liquid fuel

mixed, burning, 165 ; and petroleum
in mixed firing, combustion of, 185

;

dust firing trials, 118
Coast defence vessels, locomotive boilers

in, 292
Cochrane boiler, Martin or, 27

Cochrane, boilers of, 474

Cocks, blow-off, 577 ; gauge, 563, 567

Cocyte, results of trials, 7, 14
Co-efficient of conductivity. 190 ;

of

radius of action, 10
Coefficients of performance, 4

Cohesive test of coal, 52
Coil boilers, multiple, 338

; single, 338

boiler-tests, Ward, 374
Collector of Belleville boiler, feed-water,

327
Collet boiler, 384

Colon, Barret and Lagrafel boilers of, 348

Colorado, boilers of, 394

Columbia, boiler of the, 231
; height of

funnel, 64

Combined air- and steam -
spraying

burners, 151 ; distillers, Gayde's, 604
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Combustion, air nu^ssai y lor, 177 ;

incomplete, indicated by smoke, 187 ;

engines, liquid fuel for internal,

170; in hot air, 90; rate of, 51,200;
of carbon, 47 ;

of carbon monoxide,
47 ; of charcoal, 47 ;

of coal, 180 ; of

hydrogen, 180; of liquid fuel, 135;

quantity of air for, 136; of petroleum,
182 ; and coal in mixed tiring, 185 ;

of the diamond, 47

chambers, 246
;

attachment of

furnace to, 243 ; construction of, 246 ;

crown plates, 248 ; depth of, in single-
ended boilers, 225 ; of Forban, 249

;
of

Marceau, 249 ; necessity for large,

187, 225 ; screen in, 235
; staying of,

24
;
subdivision of, 227 ; of Torpedo-

boat No. 120, failure of, 250
trials of Bouvet, 321 ;

of Bugeaud,
321

;
of Milan, 321

Committee, interim report of Boiler, 617 ;

on Marine Boilers, Admit alty, 613,
instructions to, 613 ; on Naval Boilers,

report of, 623

Commonwealth, boilers of, 364 ; boiler

trials in, 365

Comparative effects of evaporation and

expausion of water, 415 ; merits of

steam, air, and pressure for spraying,
155 ; trials between Spiteful (oil) and
Peterel (coal), 167

Comparison of Belleville, D'Allest, and
Niclausse boilers, 521 ; between

heating surface and evaporation,
200 ; between internal combustion

engines and steam engines, 171;
of Du Temple, Belleville, and
Xiclausse boilers, 510; of three

systems of forced draught, 76 : of

tubulous boilers, 501

Composition of Admiralty Boiler Com-
mittee, 613 ; of petroleum, 126

Compressing machinery in the ifariposa,

weight of, 157
Conclusions of the American Liquid Fuel

board, 168

L'onde, cost of boilers of, 510 : Niclausse

boilers in, 394
Condensation in steam piping. ">56

Condenser, surface, 43

Condensers, 590

Condor, stay tubes of, 253

Conduction, loss of heat due to, 176

Conductivity, co-efficients of, 190

Coned tube joints, 390

Connecticut, Niclausse boilers in, 394

Conqueror, closed stokehold system
fitted to, 76

Considerations and cost of lioilors,

technical, 509

Construction of Babcock & Wilcox boiler,
366 ; of boilers, 224 ; of boilers, details

of, 330 ; of locomotive boilers, 292

Consumption (coal) of Bouvet, 321
;
of

Charlemagne, 325 ; of auxiliary

machinery, 11
;
of Gaulois, 325. See

Coal

Convection, transmission of heat by, 197
Cornouailles boiler, 24

Cornwall, boilers of, 364
;

boiler trials

of, 365
Corrosion of boilers and tubes, 86, 215,

299 ; prevention of 219 ; of tubes,
632 ; of Belleville boiler, 216

i
Corrosive action of deposits, 217

Corrugated furnaces, i'ox's, 239 ; Purves'
242

, Corse, steam ash ejector, 611

Cosmos, natural and forced draught
trials, 77, 78

Cost of boilers of Conde, 510 ; of Dunois,
510

;
of Fleurus, 510

;
of Gloire, 510

;

of Jeanne d'Arc, 510
;
of Lahire, 510

;

of Leo-ii Gambetta, 510 ; of Alontcalm,
510; of Tully, 510; of Victor Hugo,
510; of grinding coal, 115; and
technical considerations of boilers,
509

Coureur, accident to boiler of, 109 ;

particulars of Thornycroft boilers of.

450, 454, 528
Course of furnaces gases in Belleville

boilers, 329
I Cousin distiller, 597

"Cracking," 129
Crank pin, 44

j

Creuzot boiler, 370
Cristobal Colon, Niclausse boilers of, 395

I Crocodile, distiller of, 596

Cross-head, 44
Crown plates of combustion chamber,

248
i Cyclone coal-dust firing system, 117

Cyclone, coal combustion trials of. 75 ;

results of trials of, 7, 14

Cylinders, steam engine, 42
: Cylindrical boilers, 28 ; details of, 634 ;

efficiency of, 175
j

fuel tests with,
167 ;

in Germany, 526 ; on the Sfax,
336 ; thermal efficiency df, 627

JfASOVtLLE, special form of tubes used
for the tube walls of Du Temple boiler
of the, 430

D'Allest boilers with accelerated circula-

tion. 487 ; alteration of water level,
354 ; compared with Belleville and
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D'Allest boilers continued.

Niclaussc boilers, 521 ; constructive

details of, 352
; development of, 346 ;

evaporative test of, 355 ; maximum
H.F. per sq. ft. of grate, 506;
new type, 487 ; space occupied by,
528 ; trials of the Bugeaud, 393

;
sub-

stituted for locomotive boilers in the

ombe, 356 ; table of results of tests,

356
;
use of Serve tubes, 198, 352 ;

weight of, 504, 527 ; Lagrafel and
D'Allest boilers of the Jauriguiberry,
37 ; tube cleaner, 104

Dalrymple's tests on feed-water heating.
595

Damage to boilers by use of forced

draught, liability of, 632

Dardo, Schulz boilers of, 459

Daring, Thornycroft boilers, 455, 457

D'Assas, D'Allest boilers, 348

Danout, boiler tubes of, 257

Daymard closed ashpit system, 82

Dead weight safety-valves, abandon-
ment of, 537

De Dion-Bouton-Trepardoux boiler, 371,
405

Defence, boilers of, 474

Defi, coal consumption on the, 74

Definition of a tubulous boiler, 306
De Maupeou ash hoist, 608 ; experiments

with forced draught, 72, 76

D'Entrecasteaux, boilers of 32 ; liquid
fuel in, 166 ;

table of boiler weights,
304

Deposits, corrosive action of, 217; of

mineral oil, 219
; overheating due to.

218
De Ruyter, boilers of, 475
De Rycke oil extractors, 589

Desperate, Thornycroft boiler of, 457

D'JEstrees, boilers of, 450 ; boiler trials

in, 448 ; particulars of, 80
;
results of

trials, 7

Details of Babcock & Wilcox boilers,

634 ;
of Belleville boilers, 634 ;

of

construction of boilers, 330 ; of

cylindrical boilers, 634 ; of Dun-

boilers, 634 ; of Niclausse boilers,

631 ;
of Yarrow boilers, 634

Determination of amount of heating
surface, 207

Devonport, liquid fuel tests at, 167

Devonshire, boilers of, 395

Diadem, boilers of, 325, 615

Diameter of boiler tubes, 207, 252

D'fberville, D'Allest boiler of, 348, 351

Diesel engine, 173

Direct tube boiler, definition of, 230 ;

disadvantages of, 230 ; of Dupuy-de-
L6me, area of air passages, 63

;
life of.

300
; space occupied by, 305 ; table of

boiler weights, 304
Direction of circulation, 406

Disadvantages of tubulous boilers, 307,
518

Disappearance of water in gauge glass,
108

Displacement necessary to ensure regu-

larity of service, 20
Distances of foreign ports, table of, 15

Distiller, Bigot's, 6ul
; Cousin's, 597 ;

of Crocodile, 596; Gayde's combined,
604

Distillers, 596
; Multiple, 598

; Oriolle,
601 ; rules for determining size of,

602
Distortion of water level in boilers,
354

Dominioii, boilers of, 364 ; boiler trials

in, 365
Don Carlos I., boilers of, 475

Donkey pumps, 39
Don Pedro, accident to, 350

D'Allest boilers, 348
Double-ended boilers, 227

Dmidart-de-Lagree, Oriolle boilers, 345

Downcomers, 417 : of Belleville boilers,
327

Doyere boiler, 490

Dragon, accidents to Du Temple boilers

of the, 423 ; particulars of Du Temple
boilers of, 527, 528

Draught (see Forced Draught), Ellis &
Eaves' induced, 160

Drawn steel tubes solid, 254

Dreadnought, boilers of, 364

Drdme, cylindrical boiler of the, 226

Dry steam, 629

Dryness of steam, 175
Dudebout feed-water purifier, 583

Dudgeon tube expander, 259
Duke of Edinburgh, boilers of, 364

Dulong, formula for calorific value of

coal, 49

Dunois, cost of boilers, 510; particulars
of NormandSigaudy boilers of, 528

Dupuy-de-L6me, areas of air passages in

boiler, 63
;

coal supply, 14 ; collapse
of furnace crowns, 240; instructions for

coal tests, 52 ; radius of action of, 15 ;

results of trials, 7 ; table of boiler

weights, 304

, superheater designed by, 558

Durability of Belleville boiler, 332 ;
of

boiler tubes, 300

Durandal, coal combustion trials, 75 ;

Duration of boiler trials, 111

Dtirr boiler, 399, 400
;
in Baden, 399 ;

in Bayern, 399
;

Boiler Committee's

report on, 617; details of, 634 ; in
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Dim- boiler continued.

Medusa, 399 ; in Prince Hen,' ich, 399 ;

in Rhein, 399 ; in Roxburgh, 399 ; in

Sachsen, 399 ; thermal efficiency of,

627 ; in Vincta, 399 ;
in Victoria

Louise, 399

Durstou, Sir John, experiments on

b'lilt-r-heatiug surfaces, 196
;
trials of

Diadem, 325
Du Temple boiler, 421, 449; introduc-

tion of tubulous boilers with acceler-

ated circulation, 418 ; life of, 512 ;

of Acerne, accident to, 109, 424 ;

connection of tube ends to drums,
431

;
maximum H. P. per sq. ft. of

grate, 507 ; space occupied by, 528 ;

in Pelonis, 449
;

of Torpedo-boats
Nos. 172-176, 38 ; tube cleaning, 105 ;

tube stopping, 514 ; weight of, 527

, Belleville, and Niclausse boilers,

comparison of, 510

-Guyot boiler, 429 ; boiler trials in

Jurien-dc-la-Gra viere, 448
-Norm and boiler, 425; space

occupied by, 528

EAIILY types of Schnlz boilers, 458

Easing gear, 539
Eaves' induced draught, Ellis &, 160

Economisers, cleaning of, 325
Belleville boilers, 321,

Europa, accidents with,

Europa, Belleville, 511

329
325
internal

pitting in, 3_24
eleEeles' burner, Rusden &, 144

Efficiency of a boiler, 45, 175 ; of boilers,

thermal, 626 : increased, due to use of

baffles, 473

Ejector, See or Trewent ash, 610

Elan, particulars of Xiclausse boilers of,

528

Elasticity of nickel steel, 279

Elder, Randolph, introduction of Scotch

boilers, 224

Elcctrogenes, Hannay's, 585
Elements of Belleville boilers, 326 : of

boilers of Marseillaise, 329

Elliptical boilers, 28, 224
Ellis & Eaves' forced draught, 95

; in-

duced draught, 160

Engine, Bertheau oil, 172; Diesel, 173;

Hornsby, 173 ; liquid fuel for internal

combustion, 170

Equivalent evaporation "from and at,"
55

Ernest Renan, boilers of, 394

Etpiigle, boilers of, 364, 625

of

of

in

Estremadura, boilers of, 465

Europa, accidents with economisers of,

325; Belleville economisers in, 611 ;

boilers of, 614

Evaporation in boilers of war vessels,

417
and expansion of water, comparative

effect of, 415 ; and heating surface,
relation between, 201 ; factor of, 55

Evaporative experiments on locomotive

boilers, Henry's, 194 ; power of a

boiler, 52 ; te*t of coal in the French

Navy, 52 ; tests of boilers, 54

Evaporators, 596
Examination and cleaning of interiors

of tubes, 629 ; of the boilers of

Martdlo, 635
Excess of air, loss of heat due to, 179

Expander, Caraman tube, 260 ; Dudgeon
tube, 260

Expansion joints, 555 ; of metals,
Garuier's experiments, 288 ;

of water,
effects due to the, 407

Expansions, alteration of number of. 43

Experiments with liquid fuel, 121, 166 ;

on liquid fuel by Holden, 121

Explosion in Mutine, boiler, 334 ; in

Progrcso, 131 ; in Terrible, boiler, 334
External cleaning of tubes, 630

Extractors, De Rycke's oil, 589

FACTOK of evaporation, 55

Fame, Thornycroft boilers, 455

Fans, 40 ;
in the funnel, 71

FanfSme, boilers of, 395, 625

Fatty acids, corrosive effect of, 216

Faiictm, locomotive boilers, 296

Fauconneau, coal combustion trials, 75 :

results of trials of, 7

Features of Belleville boilers, 332 ;
of

the Niclausse boiler, general, 393
Feed check valves, 569 ; circulators,

Garnier's, 580 ; pumps, 39, 590

regulators, 568 ; of Belleville

boilers, automatic, 329 ; with floats,

575

Feeding of boilers, 633
Feed-water collector of Belleville boiler.

327

filter, Boothman, 588 ; Harris, 588 :

Normand, 586 ; Rankine, 589

niters, 585

heaters, 590 ; with Belleville

boilers, 321 ; of Bleville, 85
;
calcula-

tion of efficiency, 592 ; of Caloric, 87 :

Normand, 88, 593 ; Wainwright, 593 ;

Weir, 593
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Feed-water heating, 84, 417 ; Dalryniple's
tests, 595 ; Kemp's experiments, 85

, introduction into boiler, 368

purifier, Dudebout's, 583
;
Harris

and Anderson, 589
Felt for boiler coverings, 210

Fergusson boiler, Fleming and, 478
Ferrules for boiler tabes, 263
Field boiler, 382, 383

tubes, boilers with, 493

Filters, cloth, 586 ; feed-water, 585

Fire, thickness of, 101

bare, self-cleaning, 102

doors, 236, 531

Firing, 100
;
combustion of petroleum

and coal in mixed, 185
; powdered

coal, 114
; skilled, required, 633

trials, powdered coal, 114

Fittings, boiler, 39, 537

Flamme, locomotive boilers of, 35

Flannery-Boyd system of settling tanks,
163

Flash point, 129
;
Abel tester, 130

;
in

American Navy, 131; "close test,"

129 ; fixed by the Admiralty, 130 ;

fixed by Lloyd's survey, 131; "open
test," 129

; Pensky-Martens tester, 130

Fleming and Fevgusson boiler, 478

Fleurus, boilers of the, 234 ; cost of

boilers of, 510
;
screen in combustion

chamber, 235 ; Serve tubes of, 256

Flibustier, coal consumption trials, 75 ;

Du Temple-Normand boilers of, 527,
528

Float feed regulators, 570, 575
Floor space occupied by tubular boilers,

305
; by tubulous boilers, 508, 528

Flue boilers, 23

gases, analysis of, 187 ; percentage
of oxygen in, 187 ; specific heat of, 180

Foam, Thornycroft boilers of, 455

Forban, boilers of, 440 ; coal consump-
tion trials of, 75; dimensions of boilers,

440
;
Normand boilers of, 436 ; results

of trials of, 14

Forlrin, combustion chamber of, 249

Forced draught, ability of tubulous

boilers to stand, 506 ; applied to

Savoie, 66 ;
as a means of economising

heat, 83
;
Bourdon-Thierry apparatus,

65
;
closed ashpit system, 80

; closed

stokehold system, 72, 75 ; compari-
son of three systems of, 76 ;

De Man-

peou's experiments, 72, 76 ;
Ellis arid

Eaves' system, 95 ; experiments on

Fulminant, 70 ; experiments on Re-

solue, 70 ;
Howden's system, 89 ;

in

Chdteau-Renault, 79; in Jeanne d'Arc,
79 ;

in Jurien-de-la-Graviere, 79 ; in

the mercantile marine, 80
; Ishenvood,

73 ; Joessel's experiments, 69
;

lia-

bility of damage to boilers by use of,

632 ; on Bievre, 72 ; on La our-

donnais, 72 ; Stephens', 72 ; Thorny-
croft, 73 ;

trials of Cosmao, 77 ;
trials

of Lalande, 77 ; trials of Troude, 77

Foudre, D'Allest boilers, 348
Fox corrugated furnaces, 239

Frandsco-Ferrucio, Niclausse boilers in

394
Free circulation, boilers with, 34, 309,

339

grate burner, Richardson's, 139
surface system of burning liquid

fuel, 138
French Navy and liquid fuel, 166 ; report

on Belleville boilers, 333

Freya, Niclausse boilers in, 395

Friant, coal consumption, 522 ; funnel

and stuffing
- box, 535 ; Niclausse

boilers of, 527, 528 ; Niclausse boiler

trials on, 393 ; results of trials, 7, 14
;

stoking on trial, 101

Friesland, boilers of, 475, 526
" From and at" 212 Fahr., 55

Fuel, advantages of mixed, 165
;

blast

furnace oil, 121 ; burning mixed, 165 ;

liquid, 121
; oil, for naval purposes,

166 ; on grates, thickness of, 101, 181 :

petroleum, 121
;

shale oil, 121 ;
tar

oil, 121

Fulminant, experiments on forced

draught, 70 ; silicate cotton on up-
take, 212

Funnel casings, 533 ; cover, 536 ; stuff-

ing-box, 535 ; temperatures, 176
heat thrown away in, 177, 179

for torpedo-boats, 64, 534

Funnels, height of, 63

Furnace arrangements for liquid fuel,

158 ; boiler, 39, 235
;
brickwork for

liquid- fuel, 158
; bridge, 57 ; construc-

tion of, 235 ; crowns, collapse of, 237 ;

for liquid fuel in Tebe, 162 ; gases in

Belleville boilers, course of, 329 ; gases,

temperature of, 183 ; heating of the

air supplied to, 264; tests in Tebe,

163

doors, 531
; Martin, 531

Furnaces, attachment to combustion

chamber, 243
; composed of separate

rings, 236
;
deformation of, 237 ;

Fox's

corrugated, 239 ; Morrison's, 242 :

Purves', 242
; strengthening of, 238 ;

supply of air to liquid fuel, 159 ;

Tenbrinck baffle in, 203, 294

Furieux, boiler trials of, 322

Furious, boilers of, 615
Fusible plugs, 567
Future of liquid fuel, 122
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GALLE system of mechanical stoking, 113

Galvanising steel boiler tubes, effect of,

453

Garibaldi, Niclausse boilers of, 394

Gamier, effect of unequal heating on
boiler plates, 288 ; feed circulators,

580

Gascogne, table of boiler weights, 304

Gases in Belleville boilers, course of

furnace, 329

temperature of furnace, 183

Gauge cocks, 563, 567

glasses, 564 ; disappearance of

water level in, due to priming, 109 ;

experiments on, by Zieger, 567 :

Louppe, 564 ; Klinger type of, 565

Gauges, water, 563

Gaulois, coal consumption of, 325

Gayde, combined distiller, 604 ; experi-
ments on distillers, 604

Gazelle, Niclausse boilers in, 395

Geiser, Thomycroft boilers, 455

Gelderland, boilers of, 475
General features of Belleville boilers.

332
;
of the Niclausse boiler, 393

Geotlroy, evaporative tests on boilers of

locomotives, 194

Georgia, boilers of, 394
German Navy, liquid fuel in, 166 ;

locomotive boilers in, 292 ; mixed
fuel in, 166

Germanic, single- and double-ended

boilers, 229

Germany, cylindrical boilers in, 526
;

tubulous boilers in, 526

Girard, tube stopper for D'Allest boiler,

514

Gladiator, boilers of, 614

Gloire, cost of boilers, 510 ; liquid fuel

in, 166 ; Niclausse boilers in, 394

Gotland, boiler tubes of, 257

Goldmouth, liquid fuel in, 163

Goldsworthy-Gurney boiler, 449

Grate, length of, 235 ; slope of, 235

surface, method of calculating,
200 ; ratio of heating surface to, 199,
208

Grates of Belleville boiler, 57
;

of

Niclausse boiler, 57

, cleaning of, 102 ; description of,

55 ; moveable, 57, 103
Grease extractors, 589
Great Eastern Railway, liquid fuel

experiments by Holden, 121

Grille-Solignac boiler, 380

Grinding coal, cost of, 118
Grundell-Tucker burner, 149
rimer's r-lassitiontion of coal, 50

Gue"bhard's spirals or rotarders, 256

Guichen, D'Allest boilers, 349, 853;

liquid fuel in, 166 ; results of trials

of, 7

Gusset stays, 275

Guyot boilers, 309 ; space occupied by,
527, 528

Du Temple-Giivot boilers, 429,
443

H

HAAS, corrosive action of deposits, 218

Hdleur, surface blow-oft', 578

Hampshire, boilers of, 474
Hand check valve, 569
Handhole joints, 352
Handholes and manholes, 39, 530

Hanging bridges, 437

Hannay's electrogenes, 585
Hannibal and liquid fuel, 167 ; and
mixed fuel, 167

Hardy, Yarrow boilers, 474
Harris & Anderson, feed-water purifier,

589
feed-water filter, 587

Haughty, Yarrow boilers, 474

Havock, locomotive boilers, 474

Haythorn boiler, 487

Heat, law of transmission of, 190 ; loss

of, due to excess of air, 179 ; loss of,

due to radiation and conduction, 176 ;

loss of, in funnel, 176, 180
; transmis-

sion of, 17tJ, 190 ; utilisation of, 176 ;

utilisation of, in a Mosher boiler, 177

Heating air supplied to furnace, 264 ;

feed-water, 84, 417; of liquid fuel, pre-

liminary, 137

surface, calculation of, 208 ;

determination of amount of, 207 ;

Durston's experiments on, 196
;

efficiency of, 199 ; and evaporation,
relation between, 201 ; evaporative

capacity of, 200 ; to grate surface,

ratio of, 208 ; importance of cleanli-

ness, 195 ; method of calculating.
200 ; ratio of, to grate surface, 200

Height of funnels, 63

Hela, locomotive boilers in, 292

Henry IV., Niclausse boilers of, 394

Henry's experiments on locomotive

boilers, 201
He"risson boiler, 405

Herluf-Trolle, boilers of, 465

Hermes, boilers of, 364 ;
boiler trials of,

36o, 623

Hero, boilers of, 360
Herreshoff boiler, 338

Hertog-Hendrik. boilers of. 475
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ffHernia, boilers of, 364

Hindustan, boilers o 1

, 364; boiler trials

of, 365

Hirondelle, Belleville boilers of, 314,

315, 317; forced draught applied to,

68

Hoche, boiler tubes of, 254 ; coal con-

sumption with forced draught, 77 ;

table of boiler weights, 304
Holden burner, 142
Hoiden's experiments with liquid fuel,

121

ffoll'i.nd, boilers of, 475

Hopkinson automatic water gauge. 564
Horizontal eng nes, 42
H -met, dimensions of boilers of, 475 ;

Yarrow lioilers, 474

Hornsby engine, 173
Hot air, combustion in, 90
Houille tu lie-stopper, 2H6
Howden's s stem of forced draught, 89 ;

use of, 91

Hyacinth, boilers of, 333, 625 ; com-

petitive tria s with the Minerva, 333

Hydraulic riveting, 276

Hydrochloric acid in boilers, 215

Hydrogen, calorific value of, 47

Hydrokineters, Weir's, 579

I

ILLINOIS, Howden's forced draught, 90

lltis class", boilers of, 465

Incomplete combustion, 64, 182

Increased efficiency due to use of baffles,

473

Indiana, Howden's forced draught, 90

Indompt'ible, results of trials, 14, 17

Indret, experiments on forced draught
at, 67

Induced draught, 65, 71 ; disadvantages
of, 98 ;

Ellis & Eaves' system, 95,

160

Infernet, boilers of, 435 ; boilers trials

in, 448 ; particulars of boilers, 80

Injection feed-heaters, 595

Inspection apparatus, Vinsonneau tube,
517

Instructions sent to Committee on
Marine Boilers, 613

Insulating action of scale in boilers, 195
Interim Report of Boiler Committee, 617

Interiors of tubes, examination and

cleaning of, 629
Internal combustion engines, liquid fuel

for, 170
combustion and steam engines,

comparison of, 170

pitting in econonrisers, 324

Introduction of tubulous boilers into

the French Navy, 3<>6

Isere, SS., Barret and Lagrafel boiler,
348

Isherwood, forced draught, 73

Isly, boilers of, 394 ; brass tubes of,

254 ; feed circulators of, 581 ; particu-
lars of boilers of, 804

;
results of trials

of, 7, 14
; shell of boiler of, 278

Italian Navy and liquid fuel, 166

JAGD, locomotive boilers in, 292

Janus, Reed boilers, 485

Jaureguiberrji, accident on the, 350,
502 ; D'Allest boilers of, 37

Jean-Bart, boilers of, 30, 394 ; experi-
ments on distillers of, 601

Jeanne d'Arc, boileis of, 446 ; cost

of boilers, 510
; forced draught, 79 ;

particulars of Guyot boilers of, 527,
528

Jemmapes, D'Allest boilers of, 348, 352,

527, 528
Jerdme NapoUon, Lafond superheater,

561

Joessel, air necessary for combustion,
178 ; experiments on forced draught,
67 ; inefficiency of Bourdon -Thierry
system, 6-1 ; length of boiler trials,

111 ; tubulous boiler, 339

Joints, coned tube, 390
; expansion,

555 ; hand-hole, 352

Joya boiler, 403
Junction boxes, attachment of Belleville

boiler tubes to, 331

Jurien-de-la-Gravitre, boilers of, 448 ;

Du Temple-Guyot boiler trials in the,
448 ; forced draught, 79

Justice, boilers of, 394

K

KABYLE, S3., D'Allest boilers, 348
Kaiser class, boilers of, 465

Friederich III., and storage of

liquid fuel, 134
Wilhelm der Grossc, longitudinal

butt joint of boilers of, 271

Kathima, boilers of, 395
Katori boilers of, 395

Kelly boiler, 405

Kemp, feed-water heater, 85

Kensington, Ellis & Eaves' system, 95 ;

liquid fuel burners in, 161

Kermode burner, 149

Khrabry, Niclausse boilers of, 394
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King Edward VI T., boilers of, 364;
boiler trials of, 365

Kltber, iquM fuel in, 166; Niclausse

boilers of, 394

Klinger type water gauge, 565

Komet, locomotive boilers of, 292

Konigin -
Regentes, boilers of, 476 ;

class of boilers, 526

Korting burner, 1 54

LA SOURDOXNAfS, closed stokehold

system, 76 ; induced draught on, 72
Labrousse system of stoking, 112

Lafond superheaters, 558

Lagging, 203 ; of smoke-box and uptake,
212

Lagosse boiler, 476

Lagrafel and D'Allest boiler, 346 ; of

Jaurtguiberry, 37

Lahirt, cost of boilers, 510 ; particulars
of Normand-Sigaudy boilers of, 528

Latande, results of trials, 14, 77, 78

Lampo, Sch]z boilers of, 459

Lancier, Du Temple-Normand boilers,

427
Lane boiler, 405

Lansquenet, Oriolle boilers, 343
Latil tube stopper, 267

Latouche-Trfoille, particulars of Belle-

ville boilers o f

', 527, 528 ; self-cleaning

grates in, 104
Launch type of Ward boiler, 493

Lavoisier, results of trials of, 7, 14

Leaky tube joints, 213, 259
Leb'ond and Caville boilers, 3SO, 486 ;

similarity to Petit and Godard boilers,

380

Leger, Belleville boilers, 320, 336 ;

forced draught on, 72
Lencauchez boiler, 377

Length of boiler trials, 111 ; Joessel's

method of determining, 111 ; effect

on efficiency, 194
Li'-'in Gnm.bet.ta, cost of boilers, 510 ;

Niclausse boilers of, 394

Lepanto, boilers of, 292
; liquid fuel in,

166
Level in boilers, distortion of water, 354

of water in tubes of Belleville

boiler, 326

Llrrier, Belleville boilers, 320, 336 ;

forced draught on, 72 ; results of

trials, 7, 14

Liability of damage to boilers by use of

forced draught, 632

Liban, accident to. 350 ; D'Allest boilers,
348

Life of Admiralty, or direct-tube, boilers

in the navy, 300
of Belleville boilers, 335, 510
of boiler tubes, 2o3, 300
of cylindrical boilers, 300
of Du Temple type of boilers, 512
of locomotive boilers, 293, 301

of return-tube boilers in the navy,
299

Lightness of tubulous boilers, 503

Lightning, Reed boilers, 485
Lime in Belleville boilers, use of, 216

Limited circulation, boilers with, 34,

308, 310 ; special advantages of, 337

Limiting proportion of steam to water,
417

Linuis, Admiralty, or direct-tube type
boiler, 232

; table of boiler weights,
304

Liquid fuel, 121 ; advantages of, 122 ;

advantages of air -
spraying, 156;

advantages of pressure-spraying, 157 ;

advantages of steam-sprayinjr, 155;
air required for, 136

; analyses o f
, 128 :

and coal mixed, burning of, 165 ; and
mechanical stoking, 122

; arrange-
ments of furnaces, 159

; arrangement
of vessels for, 132; Astatki, 125;
Borneo, 125 ; brickwork for, 158 ;

British experiments with, 166; burn-

ing, with free surface, 138; Californian,
125 ; calorific value of, 122

;
combus-

tion of, 135 ; consumption in Tebe,

162; experiments with, 121; experi-
ments by the British Admiralty, 121 ;

experiments by Holden, 121 ; explosion
of, in Progreso, 131 ; for naval pur-

poses, 166 ; furnaces, air supply for.

159; future of, 122; for internal

combustion engines, 170 ; Mazut, 126 ;

naphtha, 126 ; Pennsylvanian, 126 :

possibilities of, 122
; preliminary heat-

ing, 137 ; problem for naval vessels,

solutions of, 169; quantity of air for

combustion, 136 ; rules of Lloyd's
Register, 134; settling tanks, 163;
smoke from, 136, 169 ; spraying
methods, comparative merits of, 155 ;

storage in the Kaiser Friederich III.,

134 ; storage of, 131 ; tests at Devon -

port, 167 ; tests at Portsmouth, 167 ;

tests by J. Brown & Co., Sheffield.

161 ; tests with Belleville boilers,

167 ; tests with cylindrical boilers,

167 ; tests with Normand boilers, 167 :

Texas, 125 ; thickness of, 123
;
use of,

168 ; ventilation for, 131
in Bedford, 167; in Black Sea

Fleet, 166; in Chateau- Renault, 166:
in d'Entrecasteauj;, 166 ; in the French
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Liquid fuel continued.

Navy, 166 ; in Tele, 162 ; in the

German Navy, 166
;

in Gloire, 166 ;

in Goldmouth, 163
;
in Guichen, 166;

in Hannibal, 167 ;
in Italian Navy,

166
;
in Kleber, 166

; inLepanto, 166 ;

in Mars, 167; in Montealm, 166; in

Prince George, 167 ;
in Ee Umberto,

166 ; in Rostislav, 166
;

in Russian

Navy, 166 ; in Sardegna, 166 ; in

Sicilia, 166; in Spiteful, 167 ;
in

Surly, 166; in torpedo-boats, 166

Board, conclusions of the American,
168

burner, Aydon and Selwyn, 141 ;

Booth's, 141 ; Grundell-Tucker, 148 ;

Holden, 142; in Mariposa, 148; in

Tebe, 155 ; Kermode, 149
; Kb'rting,

154 ; Oil City Boiler Works, 149 ;

Rusden & Eeles, 144 ; Santa F rail-

road, 141: test, 141; trial, 141;
Urquhart, 1-12

fuel burners, 138 ; air-spraying,
146

;
combined air- and steam-spraying,

151 ; in the Kensington, 161 ; pressure
-

spraying, 152 ; Rusden & Eeles, 161 ;

steam-spraying, 140
; vapour burners,

151

Lloyd's Register, rules for liquid fuel,

134
;
flash point fixed by, 130

Locomotive boilers, 28, 290 ; area of air

passages, 63 ; construction of, 292 ;

"Flamme" type, 35 ; Henry's experi-
ments on, 201 ; in Beowulf class, 292 ;

in British Navy, 292
;
in coast defence

vessels, 292 ; in German Navy, 292
;

in Hela, 292 ; in Italian Navy, 292 ;

in Jagd, 292; in Komet, 292; in

Lepanto, 292 ; in Meteor, 292 ; in

Polyphemus, 292 ; in Siegfried class,

292 ; in Wacht, 292 ; life of, 293, 301 ;

of Torpedo-boat No. 122, accident to,

109 ; on torpedo-boats, 74 ; reasons

for adoption in the Royal Navy, 290 ;

replaced by D'Allest boilers on the

JBornbc, 356 ; space occupied by, 305 ;

table of weights, 304
Lord Nelson, boilers of, 364

Lorraine, form of stay used in, 247 ;

boiler shell of, 278 ; stay tubes in, 265
Loss of heat due to excess of air, 179 ;

due to radiation and conduction
, 177 ;

in funnel, 176, 180
of water, 629

Louppe gauge-glass, 56-1

Low-water alarms, 40

Lucania, arrangement of combustion -

chamber. 230

M
MACHINERY in Maripusa, air-com-

pressing, 157

Magenta, coal consumption with forced

draught, 77 ; results of trials, 7, 14

Magnesia blocks, 211 ; effect of chloride

of, 215

Maine, Niclausse boilers of, 394

Mallard, Thornycroft boilers, 455

Manche, particulars of boilers of, 304,
305

Mangini, Du Temple boilers, 428

Manholes, position of, 530

Marceau, Admiralty, or direct - tube

type boilei-, 33 ; boiler tubes of, 254,
257 ; coal consumption with forced

draught, 77 ; combustion-chamber of,

249 ; gusset stays of, 274
Mariemont briquettes, 203

Marietta, boilers of, 365
Marine boilers, 224 ; report of Admir-

alty Committee on, 613 ; liquid fuel

tests, 161
Marine engines, horizontal, 42 ; moving

parts of, 43 ; vertical, 42 : working
conditions of, 41

Mariposa, air - compressors of, 157 ;

liquid fuel burner in, 146 ; weight of

air-compressors, 157

Marseillaise, Belleville boilers of, 336 ;

boiler elements of, 329

Marshall, defective circulation at tube

plate, 295

Marshall, Thornycroft-Marshall boiler,

377

Mars, liquid fuel in, 167 ; mixed fuel in,

167

Martcllo, boilers of, 360 ; examination
of the boilers, 635

Martin or Cochrane boiler, 27
furnace door, 531

Massena, D'Allest boilers, 348
Matsou Sima, particulars of boilers,

304, 305
Maximum combustion for large ships, 79

efficiency of boilers, 176

Mazut, liquid fuel, 126

Measurement of coal on trial, 111

Mechanical stokers, 40

stoking, 112; advantages of, 123;
and liquid fuel, 122 ;

" Galle
"
system,

113 ;
for marine purposes, 123

Medea, boilers of, 474, 623

Medeah, Barret & Lagrafel boilers, 348

Medusa, boilers of, 623 ; Diirr boilers in.

399

Menay boiler, 405

Mercantile marine, forced draught in

the. 80
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Merits of steam-, air- and pressure -spray-

ing, comparative, 155

Mcssageries Maritiines, adoption of

Belleville boilers by, 34
Messier's automatic feed-regulator, 574

Meteor, locomotive boilers in, 292

Mica, boiler lagging. 211

Milan, boilers of, Ml ;
Belleville boilers,

36, 320 ; rate of combustion in, 321

Milton, experiments on the transmission
of heat, 191

Mineral oil, deposits of, 219

Minerva, boilers of, 625 ; competitive
trials with the Hyacinth, 333

Minimum values of M and Mj deter-

mined by Normaud, 6

Minneapolis, boiler tubes of, 258 ; height
of funnel, 64

Minotaur, boilers of, 364

Missouri, boilers of, 465
Mixed firing, combustion of petroleum
and coal in, 185

Mixed fuel, advantages of, 165; in

Bedford, 167 ; in German Navy, 166 ;

in Hannibal, 167 ; in Mars, 167

Montcalm, cost of boilers, 510 ; liquid
fuel in, 166

Monterey, boilers of, 371 ; fitted with

Ward boilers, 274

Montoupet boiler, 402
Morrison furnaces, 242
Mosher boiler, 459, 460 ; utilisation of

heat in, 177
Motor vehicles and Turgaii boilers, 493

Motors, oil, 170 ; petroleum spirit,
170 ; using refined oil, 170 ; using
residual oils, 170

Mourraille multiple distillers, 600

Mousqueiaire, Du Temple - Normand
boilers, 427

Moutte, self-cleaning grates, 10'J

Movement of water in a circuit of s

height, 406

Moving parts of engines, 43

Muller valves, 549

Multiple coil type of boiler, 338

distillers, Mourraille, 600
Mumford boiler, 485

Murilh, Scotch boiler fitted to, 224

Mustapha, closed ashpit system in, R2

Mil/Die, boiler explosion in, 334
Mvabara boiler, 497

N

NAEYER boik-r, 405

Naphtha, liquid fuel, 126

Xaial, boilers of, 474

Natural draught, 58 ;
and forced draught

trials of Cosmao, 78
Naval Boilers, Report of Committee on,

623

purposes, oil fuel for, 1 66

vessels, solutions of liquid fuel,

problem for, 169

Nero, Habcock & Wilcox boilers, 360
New type of D'Allest boiler, 487; of

Thornycroft-Schulz boiler, 464
New Zealand, boilers of, 395
Nickel steel, 279 ;

for boiler tubes, 254 ;

elasticity of, 279
Niclausse boiler, 309, 385 ;

Boiler Com-
mittee's report on, 617 ; compared
with Belleville and D'Allest boilers,

521 ;
details of, 634 ; general features

of, 393 ;
in Bentick, 395

;
in Cadmus,

395 ; in Carnarvon, 395
;

in Clio,

395
;

in Colorado, 394
;

in Condi,
394 : in Connecticut, 394 ; in Cristobal-

Colon, 395 ; in Levonshire, 395; in

Ernest Renan, 394
;
in Fantdmc, 395 ;

in Francisco-Ferrucio, 394 ; in Freya,
395

;
in Garibaldi, 394

;
in Gazelle,

395 ;
in Georgia, 394 ; in Gloire, 394 ;

iu Henry IV., 394; in My, 394; in

Jean-Bart, 394
;

in Justice, 394 ; in

Kashima, 395 ;
in Katori, 395 ; in

Khrabry, 394 ;
in Kleber, 394 ; in

Lion Gambetta, 394 ; in Maine, 394 ;

in Neio Zealand, 395 ; in Pelayo, 394 :

in Pennsylvania, 394
;

in Presidents

Sarmiento, 395 ; in Regina Margharitct,
394 ; in Reirublique, 394

;
in Retvisan,

394 ; Seagull, 395 ; in Suffolk, 395 ; in

Suffren, 394
;

in Variag, 394 ; in

Virginia, 394 ; in Yayeyama, 395
;

maximum H.P. per sq. ft. of grate.
507 ; space occupied, 528 ; steam jets
in ashpit, 68 ; tests of, 385 ; trials.

396 ; trials on Friant, 394 ; tube-

cleaning, 104, 399 ; use of steam jets

to prevent formation of clinker, 102

Du Temple and Belleville boilers,

comparison of, 510

Niobe, boilers of, 465, 615
Nord-Brabant, boilers of, 4 75

Normand, adoption of tubulous boilers

with accelerated circulation, 425
;

arrangement for regulating feed, 574

boiler, 309, 432
;
admission of air

to, 438 ; application to large ships,
441 ; direct flame type, 434 ; in Surly,
166 ; liquid fuel tests, 167 ; maximum
H.P. per sq. ft. of grate, 507 ; return

flame type, 434 ; space occupied by,
528; trials of the PEstrees and

Infernet, 448 ; tube-cleaning by means
of currents of air, 105

;
tubes of, 438
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Normand feed-water heater, 88, 593
minimum value < f M and M 15 6

Sigaudy boiler, 441 ; s^ace occupied
by, 5^8

sponge feed-water niter, 586

Norton, experiments on boiler coverings,
210

Notre-Daine-de-Salut, life of boilers of,

300

Novik, boilers of, 465

Numidian, boilers of, 360

Nymphe, boilers of, 465

OBJECTIONS to Belleville boilers, Boiler

Committee's, 619

Odin, boilers of, 364

Ohio, boilers of, 465

Oil, blast furnace, 121

burners, 138

City Boiler Works burner, 149

,
effect of, in a boiler, 1C7

eliminators, 589

engine, Bertheau, 172 ; for auxiliary

purposes, 173 ; reversing, 172
;

for

ship propulsion, 172; size of, 173;

speed of, 173

engines and steam engines, com-

parison of, 171

,
extraction of, from feed-water, 585

extractors, De Rycke's, 589
fuel for naval purposes, 165

; for

naval vessels, solutions of problem of,

169

motors, 170 ; using refined oil, 170

petroleum, 121 ; shale, 121

, specific gravity of Astatki, 128

tar, 121

Oils, motors using residual, 170

,
thickness of, 123

"
Open test

"
of flash point, 129

Opossum, Yarrow boilers, 474
Orille boiler, 84, 342

;
maximum H.P.

per sq. ft. of grate, 506 ; pitting of

tubes, 218 ; prevention of smoke, 343 ;

space occupied by, 328 ;
table of

weights, 327 ; weight per sq. ft. of

grate, 345

distiller, 601

Orsat apparatus for gas analysis, 187

Ortegal, Belleville boilers, 820, 335'

Oscillation of water-level, 109

Overheating due to internal deposits,
218 ; of furnace crowns due to priming,
108

Oxygen in flue gases, percentage of,

180 ; required for the combustion of

hydrogen, 47 ; weight of, in 1 cubic

foot of air, 177

PACTOLUS, Blechynden boilers of, 478 ;

boilers of, 615

Paoli, Barret and Lagrafel boilers, 348
Particulars of the use of liquid fuel, 168

Parts of marine engines, moving, 43

Pattison boiler, 403, 495

Pelayo, Niclausse boilers of, 394

Pelorus, boilers of, 615; Normand
boilers in, 449

Penelle boiler, 342

Pennsylvania, boilers of, 394
;
Howden's

forced draught, 90 ; mechanical

stoking of, 114

Pennsylvania!! liquid fuel, 126

Pensky-Martens tester of flash point,
130

Performance, coefficients of, 5

Permanent set, 287

Perseus, boilers of, 614 ; Thoruycroft
boilers of, 455

Peterd (coal) and Spiteful (oil), com-

parative trials of, 167

Petit and Godard boiler, 378

Petroleum, 121 ; and coal in mixed

firing, combustion of, 1 85 ; briquettes,
124 ; chemical properties of, 126 ;

combustion of. 182 ; description of,

126 ; properties of, 126 ; sources of

supply, 124

spirit motors, 170

Philips boiler, 495

Picart, relative values of coals, 53

Piping, steam, 552

Piston, 43

rod, 43

valves, 44

Pitting, 216, 299 ;
in economisers.

internal, 324
Pneumatic riveting, 276

Polynesien, Belleville boilers, 320

Polypliemus, boilers of, 292

Porcupine, Reed boilers, 485

Portsmouth, liquid fuel tests at, 167

Possibilities of liquid fuel, 122

Pothuan, Belleville boilers of, 336

Powdered coal firing, 114, 118

Powerful, Belleville boilers, 320 ; boilers

of, 615
Presidente Sarmiento, Niclausse boilers

of, 395
Pressure gauges, 537

spraying, advantages of, 157 ;

burners, 152

,
steam- and air-spraying, compara-

tive merits of, 155

Priming, 106; prevention of breakdowns
due to, 108 ; in tubular boilers, 108 ;

in tubulous boilers, 108
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Prince George, liquid fuel in, 167
Prince Heinrich, Diirr boilers of, 398

Progreso, explosion in, 131

Prometheus, boilers of, 614 ; Thornycroft
boilers of, 455

Propeller shaft, tail or, 44

Properties of petroleum, 120 ; of

petroleum chemical, 126

Proportion of steam to water, limiting.
417

Proserpine, Thornycroft boilers of. 419.

455

Provence, superheater of, 560

Pumps, air, 590
; feed, 590

Purifiers, feed - water, Harris and

Anderson, 589 ; water, 581
Purves' furnaces, 242

Y of air required for combustion
of liquid fuel, 13(5, 177

Queen, boilers of, 364

RADIATION and conduction, loss of heat

due to, 176
Radius of action, actual, 14 ; calculation

of, 8 ; coefficient of, 10 ; definition of,

8 ; of three types of war-ships, 11

Banger, Yarrow boilers, 474
Rankine feed-water filter, 589

Rapid introduction of boilers of the

Du Temple class, 449

Rapidity of raising steam, 507
Rate of combustion, 48, 200 ; of working,

influence on weight, 301

Ratio of heating surface to grate surface.

198, 208
Ravier automatic tube-stoppers, 516

Reception tests of coal in French Navy,
52

Redoubtable, longitudinal butt-joint of

boilers of, 270

Reducing valves, 550 ; Belleville, 552
Reed boiler, 484
Refined oil, motors using, 170

Rcgina Margharita, Niclausse boilers of,

3^4

Regularity of service, 19 ; displacement
nece>sary to ensure, 20

Regulating or stop-valves, 546

Regulators, automatic feed, 569 ; Belle-

ville automatic feed, 329 ; Belleville

feed, 570 ; feed, 569 ; float, 575 ;

Messier fesd, 574 ; Nonnand feed,

574 ; Sigaudy feed, 570 ; Thornycroft
food, 573 ; Yarrow feed, 574

Relation of coal carried to displacement,
10

Relative values of coals, Picart's report
on, 53

weights of boilers, 634
Renard boiler, 338

Repairing Belleville boilers, 335

Repairs to Belleville boilers, facilities

for, 330 ; to Niclausse boilers, facilities

for, 387

Report, letter asking for Boiler Com-
mittee's Interim, 615 ; of Boiler Com-
mittee, Interim, 617 ; o I Committee on
Naval Boilers, 623 ; of the American

Liquid Fuel Board, 168 ; on Babcock &
"Wilcox boilers, Boiler Committee's,
617; on Belleville boilers by the

Admiralty, 333 ; on Belleville boilers,
Boiler Committee's, 617 ; on Belleville

boilers by the French Navy, 332 ; on
Diirr boilers, Boiler Committee's, 617 ;

on Marine boilers, Admiralty, 613 ;

on Niclausse boilers, Boiler Com-
mittee's, 617 ; on Yarrow large-tube
boiler, Boiler Committee's, 61 7

Jlepublique, boilers of, 394
Residual oils, motors using, 170
Resistance of various parts of boiler to

passage of gases, 62

Resolue, forced draught on, 70, 72

Retarders, Guebhard's spirals or, 256
Return flame Normand boiler, 434

-tube boiler of Jean-Bart, 28, 30

boilers, double-ended, space
occupied by, 305 ; double ended,
weight of, 304 ; single-ended, space
occupied by, 305

; single-ended, weight
of, 304

Retvisan, Niclausse boilers of, 394
Re Umberto, liquM fuel in, 166

Revanche, accident to, 269

Reversing oil engines, 172

Rhein, Diirr boilers of, 399
Richardson's free grate burner, 139

Rigault-de-Genouilly, Belleville boilers,
320

Risbec, lime in feed-water, 582
Rise of boiler pressures, 224

Riveting, Hydraulic, 276 ; pneumatic.
276

Rolling, effect of, on water-level, 109
Root boiler, 405 ; blower, 149

Rostislav, liquid fuel in, 166
Rowan boiler in Actif, 420

Roxburgh, Diirr boilers of, 399
Rules of Lloyd's Register for liquid fuel,

134

Rupture of boiler tubes, 331
Rusden & Eeles' burners, 144, 161
Russian Navy, use of liquid fuel in, 166
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SACHSEN Diirr boilers of, 399

Safety-valves, 40, 538 ; abandonment of

dead weight, 537 ; calculation of area

in British Navy, 544 ; in French

Navy, 542 ; Avith high lift, 544

Sails, weight of, 16
Sainte Harbe, boilers of, 312
Saint Louis, Belleville boilers, 336 ;

Howden's forced draught, 90
Saint Paul, Howden's forced draught,

90

Salinometers, 577

Salmon, Yarrow boilers, 474
Salt water for marine boilers, 634
Santa Fe railroad, burner used on, 141

Sardegna, liquid fuel in, 166

Sarrazin, accident to boiler of, 404, 502 :

Charles and Babillot boiler, 404

Satellite, closed stokehold fitted to, 76
Saturated steam, table of, 46

Savoie, Bourdon-Thierry apparatus, 66 ;

form of stav used in, 247 ; stay tubes

in, 265

Saxonia, boilers of, 625
Scale in boilers, insulating action of, 195

Seheurer-Kestner, coal analysis, 48

Schloesing aud Orsat apparatus for gas

analysis, 187
Schulz boilers, early types of, 458 ; in

Dardo, 459 ; in Lampo, 459

Schwartzkopff coal dust firing system.
115

Scotch boilers, 27, 224
Scum cocks, 577
Sea-cocks on condensers condemned, 220

Seagull, boilers of, 615 ; Niclausse boilers

or, 395

Seams, boiler, 272
Seaton boiler, 367. 482
See ash-ejector, 610

Self-cleaning fire-bars, 102

Self-jointing manholes, 530

Selwyn burner, Aydon and, 141

Sentinel valves, 537

Separators, Belleville, 312, 324, 556;
in Belleville boilers, 327 ; steam, 40,

556
Serve tubes, 255, 352 ; adoption of, on

D'Allest boiler, 352 ; expanding of,

255

Service, regularity of, 19

Settling drums, 39, 327

tanks, Flannery-Boyd system, 163

Sfax, boiler tubes of, 207, 258 ; coal

consumption of, 76 ; cylindrical boilers

of, 336 ; funnel casing of, 534 ; results

of trials, 7 ; table of boiler weights,
304

Shaft, crank, 44 ; tail or propeller. 44 ;

thrust, 44
Shale oil, 121, 125

Shannon, boilers of, 474

Sharpshooter, Belleville boilers, 320 ;

boilers of, 615

Sheldrake, boilers of, 361, 362, 615
Shell of boiler of Cetille, 278 ; of My,

278 ; of Lorraine, 278

Shells, thickness of boiler, 272
Shortness of water, 109 ; accidents due

to, 109 ; due to priming, 106 ; due to

rolling, 109

Sicilia, liquid fuel in, 166

Siegfried class, locomotive boilers in.

292

Sigaudy automatic feed -regulators, 570
Silicate cotton non-conducting coverings,

211, 213
Sinclair boiler, 405

Sindh, Belleville boilers, 320

Single coil type of boiler, 338
Size of oil engines, 173

of tubes of Belleville boilers, 330
Sizes of boiler tubes, 386

Skate, Blechynden boilers, 477
Skilled firing required, 633

Skjold, Thornycroft boilers, 455
Slide valves, 44
Small tube boilers in Bellona, 449 ; in

Proserpine, 449
Smith boiler, 497

Smoke, analysis of, 187 ; boxes, 39, 267 ;

due to liquid fuel, 136, 169 ; Oriolle

method of prevention of, 343

Snapper, Yarrow boilers, 474
Sochet boiler, 418

introduction of boilers with
accelerated circulation, 418

Solid drawn boiler tubes, 331
Solomiac boiler, 500
Soot and ashes-, percentage of clinker,

52
removal of, from tubes, 106

Sources of supply of petroleum, 124

Southwark, Ellis & Eaves' forced

draught on, 95

Space occupied by tubular boilers, 305 ;

by tubulous boilers, 508, 528

Spacing of boiler tubes, 256

Spahi, "D'Allest boiler, 348

Special conditions of firing on trial trips,
111

Specific gravity of Astatki, 128 ; of

Borneo oil, 128 ; of Texas oil, 128

Specific heat of the flue gases, 179

Speed of gases, 61 ; of oil engines, 173 ;

of steamships, 3

Speedy, Thornycroft boilers, 453, 454

Sphinx, speed of, 3
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Spirals, GiK'bhard's, 256

Spirit motors, petroleum, 170

skillful, liquid fuel in, 167

(oil) and Peterel (coal), comparative
trials, 167

Spitfire, Yarrow boilers, 474

Sponge filters, Normand's, 586

Spraying, advantages of air, 156 ;

advantages of pressure, 157 ; ad-

vantages of steam, 155 ; comparative
merits of steam, air and pressure, 155

systems, additions not required
with coal, 157

Star, Reed boilers, 485

Starfish, Blechynden boilers, 477

Starting engine, 43

Staying combustion-chamber, 246

Stay-tubes, 264 ; in Lorraine. 265 ; in

Savoie, 265

Stays, boiler, 246, 250

Steam, air- and pressure-spraying, com-

parative merits of, 155
and air-spraying burners, combined,

151
Steam boiler fittings, 537
Steam bubbles, Bertin's calculation of

number produced, 107, 409 ; effect

due to production of, 409 ; experi-
ments on vessels containing, 411 ;

rate of moving in water, 409

, dry, 629

engines and internal combustion

engines, comparison of, 171

,
formula for escape of, 540

jets in ashpits, results obtained by
Niclausse, 68 ; in funnel applied to

Hirondelle, 68 ; in funnel, Joessel's

experiments, 67

, limiting proportion of, to water,
417

piping, 552 ; armouring of, 552 ;

condensation in, 556 ; expansion

joints, 555 ; use of steel for, 553

separators, 556; Belleville, 312,

324, 556

spraying, advantages, 155 ; burners,
140

, superheated, 83, 633

,
table of saturated, 46

traps on piping, necessity for. 40

, velocity of escape of, 540

,
wetness of, 629

Steamer fitted to burn tar oil, 122
Steel boiler tubes, life of, 253

, elasticity of nickel, 279
for boiler tubes, quality of, 25-5 ;

for steam piping, use of, 553

tubes, solid drawn, 254

Stevens, forced draught, 65, I'l

Stokers, mechanical, 40, 11."

Stoking, 100 ; advantages of mechanical.
123 ; mechanical, for liquid fuel, 123 ;

mechanical, for marine purposes, 123

Stoppers, automatic boiler tube, 516 ;

Ravier automatic tube, 516

Stop-valves, 40, 546

Storage of liquid fuel, 131 ; of liquid
fuel in Kaiser Friederich III., 134

Stress on boiler shell plates, 281

Strength of boiler shells, 276

Strengthening of furnaces, 237

Stromeyer's test of Anderson and Lyall
boiler, 370

Stuffing-box, cylinder, 43 ; funnel, 535

Sturgeon, Blechynden boilers, 477
Suchet, table of boiler weights, 304

Su/olk, boilers of, 395

Su/ren, Niclausse boilers of, 394

Sulphur in coal, 47

Sunfish, Yarrow boilers, 474

Superheated steam, 633

Superheaters, 558
; designed by Dupuv-

de-Lome, 558 ; Lafoud, 558, 561

Supply of air to the furnace, heating
the, 264 ; for liquid fuel furnaces, 159

of petroleum, sources of, 124

Surcouf, strains due to unequal heating
on, 287

Surface and evaporation, relation be-

tween heating, 201

, calculation of heating, 207
feed-water heaters, 591

,
ratio of heating surface to grate,

208

Surly, boilers of, 166 ; liquid fuel in.

166

Surprise, feed-heater of, 593 ; screen in

combustion-chamber, 235
Swedish type of boiler, 485
Swordfish, Yarrow boilers, 474

Symon-House boiler, 461

TAGE, coal consumption of. 76
Tail or propeller shaft, 44

Tanks, Flannery - Boyd system of

settling, 163

I

Tar oil, 121 ; steamer fitted to burn, 122
! Tcbe. arrangement of liquid fuel furnace,

162; coal consumption, 163; furnace
tests in, 163 ; Korting burner in, 155 ;

liquid fuel consumption, 163
Technical considerations and cost of

boilers, 510
1

Ttm6raire, accident on, 506
;
boilers of,

897, 506 ; boiler trials in, 387 ; coal

consumption of, 74

Temperature of furnace gases. 183



656 INDEX

Tenbrinck baffle in furnace, 203, 209
Terme-Deharine boiler, 405

Terrible, Belleville boilers. 320
;

boiler

explosion in, 334

Test-cocks, 567
of Ward coil boiler, 374 ; of Babcock

& Wilcox boilers, by the Boiler Com-
mittee, 364 ; of Belleville boilers, with

liquid fuel, 167 ; of Booth's burner,
141 ; of coal in French Navy, 52 ; of

furnaces of Tebe, 163 ; of liquid fuel by
J. Brown & Co., Sheffield, 161 ; with

cylindrical boilers, liquid fuel, 167 ;

with liquid fuel at Devonport, 167
;

with liquid fuel at Portsmouth, 167 ;

with Normand boilers, liquid fuel,

167
Texas oil, 126; analysis of, 128;

calorific value of, 128
; specific gravity

of, 128

Thermal efficiency of Babcock & Wilcox

boilers, 626 ; of Belleville boilers, 627 ;

of boilers, 626 ; of cylindrical boilers,

626 ; of Diirr boilers, 627 ; of Yarrow

boilers, 627
Thickness of boiler plates, 272 ; of boiler

tubes, 252; of fuel on grate, 101, 181

Thornycroft automatic feed -
regulator.

454, 573 ; boiler, 309, 450, particulars

of, 527, 528 ; boiler of Coureur,
accident to, 109 ; introduction of

forced draught, 73
Schulz boilers in Aegir, 292 ; new

type of, 462
Throttle valve, 44, 548
Thrust block, 44 ; shaft, 44

Torpedo-boat No. 120, failure of com-

bustion-chamber, 250
No. 122, accident to, 109
No. 203, results of trials of, 7, 14

No. 213, coal consumption trials

of, 75

Torpedo-boats, combustion on, 74;
forced draught on, 79 ; liquid fuel in,

166 ; locomotive boilers in, 74
Nos. 105-114, table of boiler

weights, 304
Nos. 127-129, boilers of, 304

Nos. 148, 149, 182-185, particulars
of Normand boilers of, 527, 528

Nos. 161-163, Oriolle boilers of, 527.

528
Nos. 172-176, Du Temple boilers

of, 38
Nos. 195-200, particulars of Du

Temple boi'ers of, 528

Total heat, table of, 46

Touraine, special diameter tubes in, 82

Tourbillon, Charles and Babillot boilers,

404

Towne boiler, 84, 376
Transmission of heat, 126, 176, 190 ;

Blechynden's experiments, 192 ; by
conduction, 177 ; by convection, 197 ;

effect of grease on, 195 ; etlect of soot

on, 197 ;
law of, 190; Milton's experi-

ments on, 191

Traps, necessity for, on long steam pipes.
556

Trehouart, Belleville boilers, 320
Trewent or See ash-ejector, 610
Trial trips, length .of, 111 ; special

conditions of firing on, 111

Trials, Babcock & Wilcox boiler, 362;
duration of boiler, 111;- of Alert

boilers, 364 ; of Bellona boiler, 457 ;

of Bouvet, consumption, 321 ; of

Bugeaud, consumption, 321 ; of

fiugcaud, D'Allest boiler, 393 ; of

Challenger boiler, 365 ; of Chasseloup-
Laubat, Belleville boilers, 393 ; of

Cincinnati boilers, 366 ; of Common-
wealth boilers, 365 ; of Cornwall

boilers, 365; of Dominion boilers, 365;
of Friant Niclausse boilers, 394 ; of

Furieux boilers, 322 ; of Hermes

boilers, 365, 623 ; of Hindustan

boilers, 365 ; of Jurien-de-la-Graviere

Du Temple-Guyot boilers, 448 ; of

King Edward V1L boilers, 365; of

Milan, consumption, 321 ; of Minerva
and Hyacinth, competitive, 333 ; of

Niclausse boiler, 396 ; of Normand
boilers in the D'Estre'es and Infernet,
448 ; of powdered coal firing, 118 ; of

Sheldrake boilers, 362 ; of Spiteful

(oil) and Peterel (coal), 167; of

Ttmtraire boiler, 397 ; of Weir boiler,

468

Trom,p, boilers of, 475

;
Trovde, results of trials, 7, 77, 78

: Tube-cleaners, D'Allest, 104

"cleaning, 104 ; on Belleville and
Niclausse boilers, 104 ; on Du Temple
boilers, 105 ; with air currents, 10">

expanders, 259

ferrules, 262

inspection apparatus, Vinsonneau,
517

1

joints, 258 ; coned, 390 ; leaky,
259, '299

; plate, defective circulation at, 295
: stoppers, 514; automatic, 516;

Ravier automatic, 516

stopping, Du Temple boiler, 514

i Tubes, bending of, 630 ; boilers with

Field, 493; brass, 252, 300; brass,

disadvantages of, 253 ; circulation in

boiler, 354 ; corrosion of, 632 ;

diameter of boiler, 207, 252 s ex-
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Tubes contin ued.

animation and cleaning of the interiors

of, 629 ; external cleaning of, 630 ;

influence of length of, 201 ; in Bombe

boiler, 853 ; in Bouvet boiler, 326 ;

in Lorraine stay, 265 ; in Savoie

stay, 265 ; life of, 300 ;
material used

for boiler, 252 ; of Babcock & Wilcox

boiler, 360 ; of Belleville boiler, water

level in, 326 ; of Belleville boilers, size

of, 330 ; of Normand boilers, 435 ; of

Sfax boiler, 207 ; quality of steel for,

254 ; rupture of boiler, 331 ; Serve,

255, 352 ; sizes of boiler, 386 ; solid

drawn boiler, 331 ; solid drawn steel,

254 ; spacing of, 257 ; thickness of

boiler, 252
; weldless, 352

Tubular boilers, 25, 224 ; abandoned in

French Navy, 79 ; are exposed,
accidents to which, 109 ; floor space

occupied by, 305 ; priming in, 106
;

table of weights, 304
Tubulous boiler, Anderson and Lyall, 369:

Babcock & Wilcox, 358 ; Barret and

Lagrafel, 346 ; Belleville, 310 ; Bigot,
369 ; Blechynden, 476 ; Bourgeois-
Lencauchez, 405 ; Brosse and Fouche,
345 ; Charles and Babillot, 403 ; Collet,
384 ; D'Allest, 346 ; D'Allest (1896

type), 488 ; De Dion-Bouton-Tre-

pardoux, 370 ; Diirr, 402 ; Du Temple,
421 ; Du Temple-Guyot, 443, 448 ; Du
Temple-Normand, 425 ; Field, 382

;

Fleming and Fergusson, 478; Herres-

hoff, 338 ; Herisson, 405 ; Joessel, 339 ;

Kelly, 405 ; Lagrafel and D'Allest, 346 ;

Lane, 405
;
Leblond and Caville, 486 ;

Leblond (1896 type), 487; Menay,
405 ; Mosher, 458 ; Niclausse, 285 ;

Normand, 432
;
Normand -

Sigaudy,
442; Oriolle, 242; Penolle, 342;
Petit and Godard, 378 ; Reed, 484

;

Renard, 338 ; Seaton, 367 ; Seaton,

(2nd design), 483 ; Sochet, 418 ;

Solignac, 380
; Symon-House, 460 ;

Terme-Deharme, 405 ; Thornycroft,
450 ; Towne, 376 ; Ward, 371 ; Watt,
405 ; White, 478 ; Yarrow, 470

boilers, ability to stand forced

draught, 506
; ability to stand high

pressures, 501 ; accidents to which, arc

exposed, 110 ; adopted in French Navy.
79, 309 ; advantages of, 501 ; classifica-

tion of, 35, 308
; comparative im-

munity from accidents, 502
; compared

with other types of boilers, 501 ;

definition of, 306 ; disadvantages of,

168, 307 ; efficiency of, 175 ; floor

space occupied by, 508, 528 ; in

Germany, 525 ; introduction of, into

French Navy, 306 ; lightness of, 503 ;

priming in, 108 ; rapidity of raising

steam, 507 ; table of weights, 527 ;

water contained in, 503 ; weight per

sq. ft. of grate, 504 ; with accelerated

circulation, 406, history of, 418 ; with
free circulation, 339

;
with limited cir-

culation, 310

Tully, cost of boilers, 510

Turco, Oriolle boilers, 345

Turgan boiler, 493
boilers and motor vehicles, 493

Turning engine, 44

Turret Cape, boilers of, 360

Type of boiler, Swedish, 485 ; of D'Allest

boiler, new, 487 ; of Thornycroft-
Schulz boiler, new, 462 ; of Ward
boiler, launch, 490

of boilers, life of Du Temple, 512

Types of boilers, various, 405, 496

U

UNEQUAL expansion, strains due to,

286

Uptakes, wear of casing and, 632

Urquhart burner, 142
Use of liquid fuel, particulars of, 168

Utilisation of heat, 177

Utrecht, boilers of, 475

class, boilers of, 526

VALUE of Astatki, calorific, 128 ; of

Borneo oil, calorific, 128
;

of Texas

oil, calorific, 128

Valves, alarm, 538 ; Belleville reducing,
552 ; Ciron, 549 ; feed check, 569 ;

hand check, 569 ; Muller, 549 ; reduc-

ing, 550 ; regulating, 547 ; safety, 40,
538 ; sentinel, 538 ; slide and piston,
44 ; stop, 40, 546 ; throttle, 44

Vnnguard, -boilers of, 25

Vapour burners, 151

Variay, Niclausse boilers of, 394
Various types of boilers, 405

Vclnsqucz, Scotch boiler fitted (1862),
224

VeJoce, particulars of Thornycroft boilers

of, 527, 528

Velocity of escape of steam, formula for,

540 ; of air in furnace, 60 ; of gases
in various parts of a boiler, 61

Ventilation for liquid fuel, 131

Vertical engines, 42

Vessels, arrangement of, for liquid

fuel, 132 ; solutions of liquid fuel

problem for naval, 169

2 T
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Victor Hugo, cost of boilers of, 510
Victoria Louise, Diirr boiler of, 399

Vieille, Berthelot and Vieille calorimeter,
48, 175

Vienne, Belleville boilers, 313

Vineta, Diirr boilers of, 399
Vinsonneau tube inspection apparatus,

517

Virginia, boilers of, 394

Voltigeur, Belleville boilers of, 335 ;

boilers of, 511 ; life of Belleville

boilers, 335

W
WACHT, locomotive boilers of, 292

Wainwright feed-water heater, 593
Ward boiler, 371 ; launch type, 490

;

coil boiler tests, 374

Warrior, boilers of, 173
War vessels, evaporation in boilers of,

417
Waste pipe from safety-valve, 539
Water for boilers, salt, 634 ; in steam

pipes, 556 ; limiting proportion of
steam to, 417 ;

loss of, 629

gauge, errors in reading, 566
;

Hopkinson's automatic, 564
; klinger

type, 565

gauges, 563

level, difference of, in boiler and
water gauge, 566

; disappearance of,
109 ; in Belleville boiler, 567 ; in

boilers, distortion of, 353 ; in D'Allest

boiler, 567 ; in tubes of Belleville

boiler, 326

purifiers, 581
Water-tube boilers of Aegir, 292 ; with

single flat water-spaces, 377
Watt boiler, 405

Wattignies, boiler tubes of, 254 ; collapse
of furnace crowns, 240

Wear of casing and uptakes, 632

Wegener system of stoking, 114

Weight of air -heaters, 88, 100; of
Belleville boilers, 336 ;

of boiler

elements proportional to pressure,
301 ; of boiler elements proportional
to rate of working, 301 ; of boiler per
H.P., 303; of sails, 16; of tubular

boilers, 301, 304 ; of tubulous boilers,

503, 527 ; of tubulous boilers per sq.
ft. of grate, 504 ; of water in tubulous

boilers, 504

Weights of boilers, relative, 634
Weir boilers, 466 ; trials of, 468

distillers, 606
feed-water heater, 593

hydrokineters, 579
Weldless tubes, 352
Wetness of steam, 629
White-Forster boiler, 478
Wittlesbacli class, boilers of, 465

YARROW automatic feed-regulator, 574

boiler, 470 ; circulation in, 472 ;

details of, 634; in Holland, 526;
thermal efficiency of, 627

-, effect of unequal heating on boiler-

shell plates, 288

experiments on circulation of

water, 416

large-tube boiler, Boiler Commit-
tee's report on, 617

Yayeyama, effect of closed stokehold on
the speed of, 78 ; Niclausse boilers of,

395

ZEELAND, boilers of, 475

Zieger's experiments on gauge glasses,
567

Zinc as a preservative in boilers, 221,
584

Zouave, Oriolle boilers, 345, 527, 528
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Analytic Geometry. Embracing Plane Geometry, and an Intro-
duction to Geometry of three Dimensions. Twenty-first Edition.

12mo, cloth $1 . 75

An Elementary Treatise on the Differential and
Integral Calculus. With numerous examples. Twenty-first Edi-
tion. Enlarged by 640 additional examples. 12mo, cloth. $2.25

An Elementary Treatise on Analytic Mechanics. With
numerous examples. Sixteenth Edition. 12mo, cloth $3.00

An Elementary Treatise on Hydro-mechanics. With
numerous examples. Fifth Edition. 12mo, cloth $2.50

A Treatise on Roofs and Bridges. With Numerous
Exercises, especially adapted for school use. 12mo, cloth.

Illustrated net, $2 . 25

BRASSEY'S Naval Annual for 1905. Edited by T. A.
Brassey. With numerous full-page diagrams, half-tone illustra-

tions and tables. Nineteenth year of publication. 8vo, cloth,
illustrated net, $6.00

BRAUN, E. The Baker's Book: A Practical Handbook
of the Baking Industry in all Countries. Profusely illustrated

with diagrams, engravings, and full-page colored plates. Trans-
lated into English and edited by Emil Braun. Vol. L, 8vo,
cloth, illustrated, 308 pages $2 . 50
Vol. II. 363 pages, illustrated $2 . 50



SCIENTIFIC PUBLICATIONS. 9

British Standard Sections. Issued by the Engineering
Standards Committee, Supported by The Institution of Civil

Engineers, The Institution of Mechanical Engineers, The Institu-

tion of Naval Architects, The Iron and Steel Institute, and The
Institution of Electrical Engineers. Comprising 9 plates of

diagrams, with letter-press and tables. Oblong pamphlet,
8JX15 $1.00

BROWN, WM. N. The Art of Enamelling on Metal. With
figures and illustrations. 12mo, cloth, illustrated net, $1 .00

Handbook on Japanning and Enamelling, for Cycles,
Bedsteads, Tinware, etc. 12mo, cloth, illustrated net, $1 .50

House Decorating and Painting. With Numerous
illustrations. 12mo, cloth net, $1 . 50

History of Decorative Art. With Designs and Illus-

trations. 12mo, cloth net, $1 . 25

Principle and Practice of Dipping, Burnishing, Lac-
quering and Bronzing Brass Ware. 12mo, cloth net, $1 .00

Wo kshop Wrinkles for Decorators, Painters, Paper-
Hangers and Others. Svo, cloth net, $1 .00

BUCHANAN, E. E. Tables of Squares. Containing the

square of every foot, inch, and sixteenth of an inch, between one
sixteenth of an inch and fifty feet. For Engineers and Calcu-
lators. 16mo, oblong, cloth $1.00

BURGH, N. P. Modern Marine Engineering, Applied to
Paddle and Screw Propulsion. Consisting of 36 colored

plates,
259 practical woodcut illustrations and 403 pages of descriptive
matter. The whole being an exposition of the present practice
of James Watt & Co., J. & G. Rennie, R. Napier & Sons, and
other celebrated firms. Thick quarto, half morocco $10 . 00

BURT, W. A. Key to the Solar Compass, and Surveyor's
Companion. Comprising all the rules necessary for use in the

field; also description of the Linear Surveys and Public Land
System of the United States, Notes on the Barometer, Sugges-
tions for an Outfit for a Survey of Four Months, etc. Seventh
Edition. Pocket size, full leather $2.50

BUSKETT, E. W. Fire Assaying. I2mo, cloth, illus-

trated In Press.
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CAIN, W., Prof. Brief Course in the Calculus. With
figures and diagrams. 8vo, cloth, illustrated net, $1 .75

Theory of Steel-concrete Arches and of Vaulted
Structures. New Edition, revised and enlarged. 16mo, cloth, il-

lustrated. (Van Nostrand Science Series) $0 . 50

CAMPIN, F. On the Construction of Iron Roofs. A
Theoretical and Practical Treatise, with woodcuts and plates of

roofs recently executed. Svo, cloth. $2.00

CARPENTER, Prof. R. C., and DIEDERICHS, Prof. H.
Internal Combustion Motors. With figures and diagrams. 8vo,
cloth, illustrated In Press.

CARTER, E. T. Motive Power and Gearing for Elec-
trical Machinery. A treatise on the Theory and Practice of the
Mechanical Equipment of Power Stations for Electrical Supply
and for Electric Traction. Second Edition, revised in part by G.
Thomas-Davies. 8vo, cloth, illustrated $5 . 00

CATHCART, WM. L., Prof. Machine Design. Part I.

Fastenings. Svo, cloth, illustrated net, $3 .00

Machine Elements
; Shrinkage and Pressure Joints.

With tables and diagrams In Press.

Marine-Engine Design In Press.

and CHAFFEE, J. I. Course of Graphic Statics Applied
to Mechanical Engineering In Press.

CHAMBER'S MATHEMATICAL TABLES, consisting of

Logarithms of Numbers 1 to 108,000, Trigonometrical, Nautical
and other Tables. New Edition. Svo, cloth. .- $1 . 75

CHARPENTIER, P. Timber. A Comprehensive Study
of Wood in all its Aspects, Commercial and Botanical. Show-
ing the Different Applications and Uses of Timber in Various

Trades, etc. Translated into English. Svo, cloth, illus. . . net, $6 . 00

CHAUVENET, W., Prof. New Method of Correcting.
Lunar Distances, and Improved Method of Finding the Error
and Rate of a Chronometer, by Equal Altitudes. Svo, cloth. $2 . 00
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CHILD, C. T. The How and Why of Electricity. A
Book of Information for non-technical readers, treating gf the

Properties of Electricity, and how it is generated, handled, con-

trolled, measured and set to work. Also explaining the opera-
tion of Electrical Apparatus. 8vo, cloth, illustrated $1 .00

CHRISTIE, W. W. Boiler-waters, Scale, Corrosion, Foam-
ing. 8vo, cloth, illustrated net, $3.00

Chimney Design and Theory. A Book for Engineers
and Architects, with numerous half-tone illustrations and plates
of famous chimneys. Second Edition, revised. 8vo, cloth. $3.00

Furnace Draft : its Production by Mechanical Methods.
A Handy Reference Book, with figures and tables. 16mo, cloth,
illustrated. (Van Nostrand's Science Series) $0.50

CLAPPERTON, G. Practical Paper-making. A Manual
for Paoer-makers and Owners and Managers of Paper Mills, to

which is appended useful tables, calculations, data, etc., with
illustrations reproduced from micro-photographs. 12mo, cloth,
illustrated $2.50

CLARK, D. K., C.E. A Manual of Rules, Tables and
Data for Mechanical Engineers. Based on the most recent inves-

tigations. Illustrated with numerous diagrams. 1012 pages. 8vo,
cloth. Sixth Edition $5.00

Fuel: its Combustion and Economy; consisting of

abridgments of Treatise on the Combustion of Coal. By C. W.
Williams, and the Economy of Fuel, by T. S. Prideaux. With
extensive additions in recent practice in the Combustion and
Economy of Fuel, Coal, Coke, Wood, Peat, Petroleum, etc.

Fourth Edition. 12mo, cloth $1 .50

The Mechanical Engineer's Pocket-book of Tables,
Formulae, Rules and Data. A Handy Book of Reference for

Daily Use in Engineering Practice. 16mo, morocco. Fifth
Edition, carefully revised throughout $3 . 00

Tramways : Their Construction and Working. Em-
bracing a comprehensive history of the system, with accounts of

the various modes of traction, a description of the varieties of

rolling stock, and ample details of Cost and Working Expenses.
Second Edition, rewritten and greatly enlarged, with upwards of 400
illustrations. Thick 8vo, cloth $89 . 00
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CLARK, J. M. New System of Laying Out Railway Turn-
outs instantly, by inspection from tables. 12mo, cloth. . . $1.00

CLAUSEN-THUE, W. The ABC Universal Commercial
Electric Telegraphic Code; specially adapted for the use of

Financiers, Merchants, Ship-owners, Brokers, Agents, etc. Fourth
Edition. 8vo, cloth $5 . 00
Fifth Edition of same $7 . 00

The A 1 Universal Commercial Electric Telegraphic
Code. Over 1240 pages and nearly 90,000 variations. 8vo,
cloth $7 . 50

CLEEMANN, T. M. The Railroad Engineer's Practice.

Being a Short but Complete Description of the Duties of the

Young Engineer in Preliminary and Location Surveys and in

Construction. Fourth Editwn, revised and enlarged. Illustrated.

12mo, cloth $1 . 50

CLEVENGER, S. R. A Treatise on the Method of Gov-
ernment Surveying as prescribed by the U. S. Congress and Com-
missioner of the General Land Office, with complete Mathemati-
cal, Astronomical, and Practical Instructions for the use of the
United States Surveyors in the field. 16mo, morocco $2 . 50

CLOUTH, F. Rubber, Gutta-Percha, and Balata. First

English Translation with Additions and Emendations by the
Author. With numerous figures, tables, diagrams, and folding

plates. 8vo, cloth, illustrated net, $5.00

COFFIN, J. H. C., Prof. Navigation and Nautical Astron-
omy. Prepared for the use of the U. S. Naval Academy. New
Edition. Revised by Commander Charles Belknap. 52 woodcut
illustrations. 12mo, cloth net, $3 . 50

COLE, R. S., M.A. A Treatise on Photographic Optics.
Being an account of the Principles of Optics, so far as they apply
to photography. 12mo, cloth, 103 illus. and folding plates. .$2.50

COLLINS, J. E. The Private Book of Useful Alloys and
Memoranda for Goldsmiths, Jewelers, etc. 18mo, cloth SO . 50

COLLINS, T. B. The Steam Turbine, or the New Engine.
8vo, cloth, illustrated In Press.

COOPER, W. R., M.A. Primary Batteries: Their Con-
struction and Use. With numerous figures and diagrams. 8vo,
cloth, illustrated net, $4 . 00
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COPPERTHWAITE, WM. C. Tunnel Shields, and the
Use of Compressed Air in Subaqueous Works. With numerous
diagrams and figures. 4to, cloth, illustrated net, $9.00

COREY, H. T. Water-supply Engineering. Fully illustrated.

In Press.

CORNWALL, H. B., Prof. Manual of Blow-pipe Analysis,
Qualitative and Quantitative. With a Complete System of

Determinative Mineralogy. 8vo, cloth, with many illustra-

tions 2 . 50

COWELL, W. B. Pure Air, Ozone and Water. A Prac-
tical Treatise of their Utilization and Value in Oil, Grease, Soap.
Paint, Glue and other Industries. Wr

ith tables and figures.

12mo, cloth, illustrated net, $2.00

CRAIG, B. F. Weights and Measures. An Account of
the Decimal System, with Tables of Conversion for Commercial
and Scientific Uses. Square 32mo, limp cloth 50

CROCKER, F. B., Prof. Electric Lighting. A Practical

Exposition of the Art. For use of Engineers, Students, and
others interested in the Installation or Operation of Electrical

Plants. Vol. I. The Generating Plant. New Edition, thorottghty
revised and rewritten . 8vo, cloth, illustrated $3.00
Vol. II. Distributing Systems and Lamps. Fifth Edition. 8vo,
cloth, illustrated $3.00

- and WHEELER, S. S. The Management of Electrical

Machinery. Being a thoroughly revised and rewritten edition of

the authors' "Practical Management of Dynamos and Motors."
With a special chapter by H. A. Foster. 12mo, cloth, illustrated.

In Press.

CROSSKEY, L. R. Elementary Perspective: Arranged to
meet the requirements of Architects and Draughtsmen, and of

Art Students preparing for the elementary examination of the
Science and Art Department, South Kensington. With numer-
ous full-page plates and diagrams. 8vo, cloth, illustrated . . $1 . 00

and THAW, J. Advanced Perspective, involving the

Drawing of Objects when placed in Oblique Positions, Shadows
and Reflections. Arranged to meet the requirements of Archi-

tects, Draughtsmen, and Students preparing for the Perspective
Examination of the Education Department. With numerous full-

page plates and diagrams. 8vo. cloth, illustrated $1 . 50
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DAVIES, E. H. Machinery for Metalliferous Mines.
A Practical Treatise for Mining Engineers, Metallurgists and
Managers of Mines. With upwards of 400 illustrations. Second
Edition, rewritten and enlarged. 8vo, cloth net

, $8 . 00

DAVIES, D. C. A Treatise on Metalliferous Minerals and
Mining. Sixth Edition, thoroughly revised and much enlarged by his

son. 8vo, cloth net, $5.00

Mining Machinery In Press.

DAVISON, G. C., Lieut. Water-tube Boilers In Press.

DAY, C. The Indicator and its Diagrams. With Chap-
ters on Engine and Boiler Testing; including a Table of Piston
Constants compiled by W. H. Fowler. 12mo, cloth. 125 illus-

trations $2.00

DEITE, Dr. C. Manual of Soapmaking, including medi-
cated soaps, stain-removing soaps, metal polishing soaps, soap
powders and detergents. With a treatise on perfumes for scented

soaps, and their production and tests for purity and strength.
Edited from the text of numerous experts. Translated from the

original by S. I. King, F.C.S. With figures. 4to, cloth, illustrated.

net, $5.00

DE LA COUX, H. The Industrial Uses of Water. With
numerous tables, figures, and diagrams. Translated from the
French and revised by Arthur Morris. 8vo, cloth net, $4 . 50

DENNY, G. A. Deep-level Mines of the Rand, and their

future development, considered from the commercial point of

view. With folding plates, diagrams, and tables. 4to, cloth,
illustrated net, $10.00

DERR, W. L. Block Signal Operation. A Practical
Manual. Pocket Size. Oblong, cloth. Second Edition. .. .$1.50

DIBDIN, W. J. Public Lighting by Gas and Electricity.
With tables, diagrams, engravings and full-page plates. 8vo,

cloth, illustrated net, $8 . 00

Purification of Sewage and Water. With tables,

engravings, and folding plates Third Edition, revised and

enlarged. 8vo, cloth, illus. and numerous folding plates $6.50
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DIETERICH, K. Analysis of Resins, Balsams, and Gum
Resins: their Chemistry and Pharmacognosis. For the use of
the Scientific and Technical Research Chemist. With a Bibliog-
raphy. Translated from the German, by Chas. Salter. 8vo.
cloth net, $3 .00

DIXON, D. B. The Machinist's and Steam Engineer's
Practical Calculator. A Compilation of Useful Rules and Prob-
lems arithmetically solved, together with General Information

applicable to Shop-tools, Mill-gearing, Pulleys and Shafts, Steam-
boilers and Engines. Embracing valuable Tables and Instruc-
tion in Screw-cutting, Valve and Link Motion, etc. Third Edition.

16mo, full morocco, pocket form $1 . 25

DOBLE, W. A. Power Plant Construction on the Pacific
Coast In Press.

DODD, GEO. Dictionary of Manufactures, Mining, Ma-
chinery, and the Industrial Arts. 12mo, cloth $1 . 50

DORR, B. F. The Surveyor's Guide and Pocket Table-
book. Fifth Edition, thoroughly revised and greatly extended.

With a second appendix up to date. 16mo, morocco flaps. . $2 . 00

DRAPER, C. H. An Elementary Text-book of Light,
Heat and Sound, with Numerous Examples. Fourth Edition.

12mo, cloth, illustrated $1 . 00

Heat and the Principles of Thermo-dynamics. With
many illustrations and numerical examples. 12mo, cloth. . . $1 . 50

DYSON, S. S. Practical Testing of Raw Materials. A
Concise Handbook for Manufacturers, Merchants, and Users of

Chemicals, Oils, Fuels, Gas Residuals and By-products, and
Paper-making Materials, with Chapters on Water Analysis and
the Testing of Trade Effluents. 8vo, cloth, illustrations, 177

pages. net, $5.00

ECCLES, R. G. (Dr.), and DUCKWALL, E. W. Food Pre-
servatives: their Advantages and Proper Use; The Practical

versus the Theoretical Side of the Pure Food Problem. 8vo,

paper $0 . 50
Cloth 1 .00

EDDY, H. T., Prof. Researches in Graphical Statics.

Embracing New Constructions in Graphical Statics, a New General
Method in Graphical Statics, and the Theory of Internal Stress

in Graphical Statics. 8vo, cloth $1 . 50
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EDDY, H. T., Prof. Maximum Stresses under Concentrated
Loads. Treated graphically. Illustrated. 8vo, cloth. ... $1.50

EISSLER, M. The Metallurgy of Gold. A Practical Treatise
on the Metallurgical Treatment of Gold-bearing Ores, including
the Processes of Concentration and Chlorination, and the Assay-
ing, Melting and Refining of Gold. Fifth Edition, revised and
greatly enlarged. Over 300 illustrations and numerous folding
plates. 8vo, cloth $7 . 50

-The Hydro-Metallurgy of Copper. Being an Account
of processes adopted in the Hydro-metallurgical Treatment of

Cupriferous Ores, including the Manufacture of Copper Vitriol.

With chapters on the sources of supply of Copper and the Roasting
of Copper Ores. With numerous diagrams and figures. 8vo,
cloth, illustrated net, $4 . 50

The Metallurgy of Silver. A Practical Treatise on the

Amalgamation, Roasting and Lixiviation of Silver Ores, including
the Assaying, Melting and Refining of Silver Bullion. 124
illustrations. Second Edition, enlarged. 8vo, cloth $4 . 00

The Metallurgy of Argentiferous Lead. A Practical
Treatise on the Smelting of Silver-Lead Ores and the Refining of

Lead Bullion. Including Reports on Various Smelting Establish-
ments and Descriptions of Modern Smelting Furnaces and Plants
in Europe and America. With 183 illustrations. 8vo, cloth,

$5.00

Cyanide Process for the Extraction of Gold and its

Practical Application on the Witwatersrand Gold Fields in South
Africa. Third Edition, revised and enlarged. Illustrations and
folding plates. 8vo, cloth $3 . 00

A Handbook on Modern Explosives. Being a Prac-
tical Treatise on the Manufacture and Use of Dynamite, Gun-
cotton, Nitroglycerine, and other Explosive Compounds, in-

cluding the manufacture of Collodion-cotton, with chapters on

Explosives in Practical Application. Second Edition, enlarged
with 150 illustrations. 12mo, cloth $5.00

ELIOT, C. W., and STOKER, F. H. A Compendious.
Manual of Qualitative Chemical Analysis. Revised with the co-

operation of the authors, by Prof. William R. Nichols. Illus-

trated. Twentieth Edition, newly revised by Prof. W . B. Lindsay.
12mo, cloth net , $1 . 25
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ELLIOT, G. H., Maj. European Light-house Systems.
Being a Report of a Tour of Inspection made in 1873. 51 en-

gravings and 21 woodcuts. 8vo, cloth $5.00

ERFURT, J. Dyeing of Paper Pulp. A Practical Treatise
for the use of paper-makers, paper-stainers, students and others,
With illustrations and 157 patterns of paper dyed in the

pulp,
with formulas for each. Translated into English and edited,
with additions, by Julius Hiibner, F.C.S. 8vo, cloth, illus-

trated net, $7 . 50

EVERETT, J. D. Elementary Text-book of Physics.
Illustrated. Seventh Edition. 12mo, cloth $1 . 50

EWING, A. J., Prof. The Magnetic Induction in Iron
and other metals. Third Edition, revised. 159 illustrations.

8vo, cloth $4 .00

FAIRIE, J., F.G.S. Notes on Lead Ores: Their Distribu-
tion and Properties. 12mo, cloth 1 . 00

Notes on Pottery Clays: The Distribution, Properties,
Uses and Analysis of Ball Clays, China Clays and China Stone.
With tables and formulae. 12mo, cloth $1 . 50

FANNING, J. T. A Practical Treatise on Hydraulic and
Water-supply Engineering. Relating to the Hydrology, Hydro-
dynamics and Practical Construction of Water-works in North
America. 180 illus. 8vo, cloth. Fifteenth Edition, revised, en-

larged, and new tables and illustrations added. 650 pp $5 . 00

FAY, I. W. The Coal-tar Colors: Their Origin and Chem-
istry. 8vo, cloth, illustrated In Press

FISH, J. C. L. Lettering of Wo king Drawings. Thir-
teen plates, with descriptive text. Oblong, 9X 12J, boards. $1 .00

FISHER, H. K. C., and DARBY, W. C. Students' Guide
to Submarine Cable Testing. Third (new and enlarged) Edi-
tion. 8vo, cloth, illustrated $3 . 50

FISHER, W. C. The Potentiometer and its Adjuncts.
8vo, cloth $2.25

FISKE, B. A., Lieut., U.S.N. Electricity in Theory and
Practice ; or, The Elements of Electrical Engineering. Eighth
Edition. 8vo, cloth $2.50
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FLEISCHMANN, W. The Book of the Dairy. A Manual
of the Science and Practice of Dairy Work. Translated from
the German, by C. M. Aikman and R. Patrick Wright. 8vo,
cloth $4 .00

FLEMING, J. A., Prof. The Alternate-current Trans-
former in Theory and Practice. Vol. I., The Induction of Electric

Currents; 611 pages. New Edition, illustrated. 8vo, cloth, $5.00
Vol. II., The Utilization of Induced Currents. Illustrated. 8vo,
cloth $5.00

Centenary of the Electrical Current, 1799-1899.
8vo, paper, illustrated $0 . 50

Electric Lamps and Electric Lighting. Being a
course of four lectures delivered at the Royal Institution,. April-

May, 1894. 8vo, cloth, fully illustrated $3 .00

Electrical Laboratory Notes and Forms, Elementary
and Advanced. 4to, cloth, illustrated $5.00

A Handbook for the Electrical Laboratory and Test-

ing Room. 2 volumes. 8vo, cloth each $5.00

FLEURY, H. The Calculus Without Limits or Infinitesi-

mals. Translated by C. O. Mailloux In Press

FOLEY, N., and PRAY, THOS., Jr. The Mechanical
Engineers' Reference Book for Machine and Boiler Construction,
in two parts. Part 1 -General Engineering Data. Part 2
Boiler Construction. With 51 plates and numerous illustrations,

specially drawn for this work. Folio, half morocco $25 . 00

FORNEY, M. N. Catechism of the Locomotive. Second
Edition, revised and enlarged. 46th thousand. 8vo, cloth. .$3 .50

FOSTER, H. A. Electrical Engineers' Pocket-book. With
the Collaboration of Eminent Specialists. A handbook of useful

data for Electricians and Electrical Engineers. With innumer,
able tables, diagrams, and figures. Third Edition, revised.

Pocket size, full leather, 1000 pp $5. 00

FOSTER, J. G., Gen., U.S.A. Submarine Blasting in
Boston Harbor, Massachusetts. Removal of Tower and Corwin
Rocks. Illustrated with 7 plates. 4to, cloth $3 . 50
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FOSTER, J. Treatise on the Evaporation of Saccharine,
Chemical and other Liquids by the Multiple System in Vacuum
and Open Air. Third Edition. Diagrams arid large plates.
8vo, cloth $7.50

FOX, WM., and THOMAS, C. W., M.E. A Practical
Course in Mechanical Drawing. Second Edition, revised. 12rno,

cloth, with plates $1 . 25

FRANCIS, J. B., C.E. Lowell Hydraulic Experiments.
Being a selection from experiments on Hydraulic Motors on
the Flow of Water over Weirs, in Open Canals of uniform rect-

angular section, and through submerged Orifices and diverging
Tubes. Made at Lowell, Mass. Fourth Edition, revised and
enlarged, with many new experiments; and illustrated with 23

copper-plate engravings. 4to, cloth $15.00

FRASER, R. H., and CLARK, C. H. Marine Engineering.
In Press.

FULLER, G. W. Report on the Investigations into the
Purification of the Ohio River Water at Louisville, Kentucky,
made to the President and Directors of the Louisville Water
Company. Published under agreement with the Directors.
3 full-page plates. 4to, cloth net, $10 . 00

FURNELL, J. Students' Manual of Paints, Colors, Oils
and Varnishes. 8vo, cloth, illustrated net, $1 .00

GARCKE, E., nd FELLS, J. M. Factory Accounts:
their principles and practice. A handbook for accountants and
manufacturers, with appendices on the nomenclature of machine
details, the rating of factories, fire and boiler insurance, the

factory and workshop acts, etc., including also a large number
of specimen rulings. Fifth Edition, revised and extended. 8vo,
cloth, illustrated $3 .00

GEIKIE, J. Structural and Field Geology, for Students of
Pure and Applied Science With figures, diagrams, and half-

tone plates. 8vo, cloth, illustrated net, $4.00

GEIPEL, WM., and KILGOUR, M. H. A Pocket-book
of Electrical Engineering Formulae. Illus. 18mo., mor. net, $3.00

GERBER, N. Chemical and Physical Analysis of Milk,
Condensed Milk, and Infants' Milk-food. 8vo, cloth $1 .25

GERHARD, WM. P. Sanitary Engineering. i2mo,
cloth. . . 1 1 . 25
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GESCHWIND, L. Manufacture of Alum and Sulphates,
and other Salts of Alumina and Iron; their uses and applications
as mordants in dyeing and calico printing, and their other appli-
cations in the Arts, Manufactures, Sanitary Engineering, Agri-
culture and Horticulture. Translated from the French by
Charles Salter. With tables, figures and diagrams 8vo, cloth,
illustrated net, $5 . 00

GIBBS, W. E. Lighting by Acetylene, Generators, Burners
and Electric Furnaces. With 66 illustrations. Second Edition,
revised. 12mo, cloth $1 . 50

GILLMORE, Q. A., Gen. Treatise on Limes, Hydraulic
Cements and Mortars. Papers on Practical Engineering, United
States Engineer Department, No. 9, containing Reports of nu-
merous Experiments conducted in New York City during the

years 1858 to 1861, inclusive. With numerous
"

illustrations.

8vo, cloth $4.00

Practical Treatise on the Construction of Roads,
Streets and Pavements. Tenth Edition. With 70 illustrations

12mo, cloth $2 . 00

Report on Strength of the Building Stones in the
United States, etc. 8vo, illustrated, cloth $1 . 00

GOLDING, H. A. The Theta-Phi Diagram. Practically
Applied to Steam, Gas, Oil and Air Engines. 12mo, cloth,
illustrated net

, $1 . 25

GOODEVE, T. M. A Text-book on the Steam-engine.
With a Supplement on Gas-engines. Twelfth Edition, enlarged.
143 illustrations. 12mo, cloth $2.00

GORE, G., F.R.S. The Art of Electrolytic Separation of

Metals, etc. (Theoretical and Practical.) Illustrated. 8vo,
cloth. , $3 . 50

GOULD,' E. S. The Arithmetic of the Steam-engine.
8vo, cloth $1 .00

Practical Hydrostatics and Hydrostatic Formulas.
With numerous figures and diagrams. (Van Nostrand's Science

Series.} 16mo, cloth, illustrated, 114 pp $0.50
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GRAY, J., B.Sc. Electrical Influence Machines: Their
Historical Development, and Modern Forms, with instructions
for making them. With numerous figures and diagrams. Second
Edition, revised and enlarged. 12mo, cloth, illus., 296 pp.. . .$2.00

GREENWOOD, E. Classified Guide to Technical and Com-
mercial Books. Subject List of Principal British and American
Works in print. 8vo, cloth.. . . . . net, $3.00

GRIFFITHS, A. B., Ph.D. A Treatise on Manures, or
the Philosophy of Manuring. A Practical Handbook for the

Agriculturist, Manufacturer, and Student. 12mo, cloth. . . $3.00

- Dental Metallurgy. A Manual for Students and
Dentists. 8vo, cloth, illustrated, 208 pp net, $3.50

GROSS, E. Hops, in their Botanical, Agricultural and
Technical Aspect, and as an article of Commerce. Translated
from the German by Charles Salter With tables, diagrams,
and illustrations. 8vo, cloth, illustrated net, $4.50

GROVER, F. Practical Treatise on Modern Gas and
Oil Engines. 8vo, cloth, illustrated net, $2.00

GRUNER, A. Power-loom Weaving and Yarn Number-
ing, according to various systems, with conversion tables. An
auxiliary and text-book for pupils of weaving schools, as well

as for self-instruction, and for general use by those engaged in

the weaving industry. Illustrated with colored diagrams. 8vo,
cloth net, $3. 00

GURDEN, R. L. Traverse Tables: Computed to Four-

place Decimals for every single minute of angle up to 100 of

Distance. For the use of Surveyors and Engineers. New Edition.

Folio, half morocco $7 . 50

GUY, A. E. Experiments on the Flexure of Beams,
resulting in the Discovery of New fcaws of Failure by Buckling.
Reprinted from the "American Machinist." With diagrams and
folding plates. 8vo, cloth, illustrated, 122 pages net, $1.25

GUY. A. F. Electric Light and Power: Giving the Result
of Practical Experience in Central-station Work. 8vo, cloth,
illustrated $2. 50
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HAEDER, H., C.E. A Handbook on the Steam-engine.
With especial reference to small and medium-sized engines. For
the use of Engine-makers, Mechanical Draughtsmen, Engineer-
ing Students and Users of Steam Power. Translated from the

German, with considerable additions and alterations, by H. H.
P. Powles. Third English Edition, revised. 8vo, cloth, illus-

trated, 458 pages $3 .00

HALL, C. H. Chemistry of Paints and Paint Vehicles.

8vo, cloth net, $2 . 50

HALL, W. S., Prof. Elements of the Differential and
Integral Calculus. Sixth Edition, revised. 8vo, cloth, illustrated.

net, S2.L5

Descriptive Geometry, with Numerous Problems and
Practical Applications. Comprising an 8vo volume of 76 pages
of text and a 4to atlas of 31 plates. 2 vols., cloth. . . . net', $3.50

HALSEY, F. A. Slide-valve Gears. An Explanation of
the Action and Construction of Plain and Cut-off Slide Valves.
Illustrated. Seventh Edition. 12mo, cloth $1 . 50

The Use of the Slide Rule. With illustrations and
folding plates. Second Edition, 16mo, boards. (Van Nos-
trand's Science Series, No. 114.) 50

The Locomotive Link Motion, with Diagrams and
Tables. 8vo, cloth, illustrated $1 .00

Worm and Spiral Gearing. Revised and Enlarged
Edition. 16mo, cloth (Van Nostrand's Science Series, No. 116.)
Illustrated 50

The Metric Fallacy, and " The Metric Failure in
the Textile Industry," by Samuel S. Dale. 8vo, cloth, illus-

trated $1 . 00

HAMILTON, W. G. Useful Information for Railway
Men. Tenth Edition, revised and enlarged. 562 pages, pocket
form. Morocco, gilt . . . . $2 . 00

HAMMER, W. J. Radium, and Other Radio-active Sub-
stances; Polonium, Actinium and Thorium. With a considera-
tion of Phosphorescent and Fluorescent Substances, the Proper-
ties and Applications of Selenium, and the treatment of disease

by the Ultra-Violet Light. Second Edition. With engravings
and photographic plates. 8vo, cloth, illustrated, 72 pp.. . $1.00
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HANCOCK, H. Text-book of Mechanics and Hydro-
statics, with over 500 diagrams. 8vo, cloth $1 .75

HARDY, E. Elementary Principles of Graphic Statics.

Containing 192 diagrams. 8vo, cloth, illustrated $1 .50

HARRISON, W. B. The Mechanics' Tool-book. With
Practical Rules and Suggestions for use of Machinists, Iron-
workers and others. With 44 engravings. 12mo, cloth. . . .$1 .50

HART, J. W. External Plumbing Work. A Treatise on
Lead Work for Roofs. With numerous figures and diagrams.
8vo, cloth, illustrated net, $3 . 00

- Hints to Plumbers on Joint Wiping, Pipe Bending,
and Lead Burning. Containing 184 figures and diagrams. 8vo,
cloth, illustrated net, $3 .00

Principles of Hot-water Supply. With numerous
illustrations. 8vo, cloth net, $3 . 00

Sanitary Plumbing and Drainage. With numerous
diagrams and figures. 8vo, cloth, illustrated net, $3.00

HASKINS, C. H. The Galvanometer and its Uses. A
Manual for Electricians and Students. Fourth Edition. 12mo
cloth $1 . 50

HAUFF, W. A. American Multiplier: Multiplications and
Divisions of the largest numbers rapidly performed. With index

giving the results instantly of all numbers to 1000X1000 = 1.000,-

000; also tables of circumferences and areas of circles. Cloth,

6JX15} $5.00

HAUSBRAND, E. Drying by Means of Air and Steam.
With explanations, formulas, and tables, for use in practice.
Translated from the German by A. C. Wright, M.A. 12mo,
cloth, illustrated net, $2.00

Evaporating, Condensing and Cooling Apparatus:
Explanations, Formulae, and Tables for Use in Practice. Trans-
lated from the Second Revised German Edition by A. C. Wright,
M.A. With numerous figures, tables and diagrams. 8vo, cloth

illustrated. 400 pages net, $5.00
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HAUSNER, A. Manufacture of Preserved Foods and
Sweetmeats. A Handbook of all the Processes for the Preserva-
tion of Flesh, Fruit, and Vegetables, and for the Preparation of
Dried Fruit, Dried Vegetables, Marmalades, Fruit-syrups, and
Fermented Beverages, and of all kinds of Candies, Candied Fruit

Sweetmeats, Rocks, Drops, Dragees, Pralines, etc. Translated
from the Third Enlarged German Edition, by Arthur Morris and
Herbert Robson, B.Sc. 8vo, cloth, illustrated net, $3.00

HAWKE, W. H. The Premier Cipher Telegraphic Code,
containing 100,000 Words and Phrases. The most complete and
most useful general code yet published. 4to, cloth $5.00

100,000 Words Supplement to the Premier Code.
All the words, are selected from the official vocabulary. Oblong
quarto, cloth $5 . 00

HAWKINS, C. C., and WALLIS, F. The Dynamo: its

Theory, Design, and Manufacture. 190 illustrations. 12mo,
cloth net, $3.00

HAY, A. Alternating Currents. 8vo, cloth, illustrated.

net, $2.50

Principles of Alternate-current Working. i2mo,
cloth, illustrated $2 . 00

HEAP, D. P., Major, U.S.A. Electrical Appliances of
the Present Day. Report of the Paris Electrical Exposition of

1881. 250 illustrations. 8vo, cloth $2 . 00

HEAVISIDE, 0. Electromagnetic Theory. 8vo, cloth,
two volumes each, $5 . 00

HECK, R. C. H. Steam-Engine and Other Steam Motors.
A text-book for engineering colleges and a treatise for engineers.
Vol. I. The Thermodynamics and the Mechanics of the Engine.
With numerous figures, diagrams, and tables. 8vo, cloth, illus-

trated net, $3 . 50
Vol. II. Form, Construction, and Working of the Engine: The
Steam Turbine. 8vo, cloth, illustrated net, $3.50

HEDGES, K. Modern Lightning Conductors. An Illus-
trated Supplement to the Report of the Lightning Research Com-
mittee of 1905, with Notes as to Methods of Protection and Speci-
fications. With figures, half-tones, and folding tables. 8vo, cloth,
illustrated net, $3 . 00

HEERMANN, P. Dyers* Materials. An Introduction to
the Examination, Valuation, and Application of the most impor-
tant substances used in Dyeing, Printing, Bleaching and Finish-

ing. Translated by Arthur C. Wright, M.A. 12mo, cloth, illus-

trated net, $2 . 50
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HENRICI, O. Skeleton Structures, Applied to the Build-

ing of Steel and Iron Bridges. 8vo, cloth, illustrated $1 . 50

HERMANN, F. Painting on Glass and Porcelain and
Enamel Painting. On the basis of Personal Practical Experience
of the Condition of the Art up to date. Translated by Charles

Salter. Second greatly enlarged edition. 8vo, cloth, illustrated,

net, S3 . 50

HERRMANN, G. The Graphical Statics of Mechanism.
A Guide for the Use of Machinists, Architects and Engineers; and
also a Text-book for Technical Schools. Translated and anno-
tated by A. P. Smith, M.E. Fourth Edition. 12mo, cloth, 7

folding plates $2.00

HERZFELD, J., Dr. The Technical Testing of Yarns and
Textile Fabrics, with reference to official specifications. Trans-
lated by Chas. Salter. With 69 illustrations. 8vo, cloth net, $3 . 50

HEWSON, W. Principles and Practice of Embanking
Lands from River Floods, as applied to the Levees of the Missis-

sippi. 8vo, cloth $2 . 00

HILL, J. W. The Purification of Public Water Supplies.
Illustrated with valuable tables, diagrams, and cuts. 8vo,
cloth $3.00

HIROI, I. Statically-Indeterminate Stresses in Frames
Commonly Used for Bridges. With figures, diagrams, and ex-

amples. 12mo, cloth, illustrated net, $2.00

HOBBS, W. R. P. The Arithmetic of Electrical Measure-
ments, with numerous examples, fully worked. Revised by
Richard Wormell, M.A. Ninth Edition. 12mo, cloth 50

HOFF, J. N. Paint and Varnish Facts and Formulas. A
hand-book for the maker, dealer, and user of paints and var-
nishes. Containing over 600 recipes, 8vo, cloth net, $3.00

HOFF, WM. B., Com., U.S.N. The Avoidance of Collisions
at Sea. 18mo, morocco . . 75

HOLLEY, A. L. Railway Practice. American and Euro-

pean Railway Practice in the Economical Generation of Steam,
including the Materials and Construction of Coal-burning Boilers,

Combustion, the Variable Blast, Vaporization, Circulation, Super-
heating, Supplying and Heating Feed Water, etc., and the

Adaptation of Wood and Coke-burning Engines to Coal-burning;-
and in Permanent Way, including Road-bed, Sleepers, Rails,
Joint Fastenings, Street Railways, etc. With 77 lithographed
plates. Folio, cloth $12.00
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HOLMES, A. B. The Electric Light Popularly Explained.
Fifth Edition. Illustrated. 12mo, paper 40

HOPKINS, N. M. Experimental Electrochemistry: Theo-
retically and Practically Treated. With 132 figures and dia-

grams. 8vo, cloth, illustrated net, $3 .00

- Model Engines and Small Boats. New Methods of

Engine and Boiler Making, with a chapter on Elementary Ship
Design and Construction. 12mo, cloth $1 .25

HORNER, J. Engineers' Turning, in Principle and Prac-
tice. A Handbook for Working Engineers, Technical Students,
and Amateurs. With 488 figures and diagrams. 8vo, cloth,
illustrated net

, $3 . 50

HOUSTON, E. J., and KENNELLY, A. E. Algebra Made
Easy. Being a clear explanation of the Mathematical Formulae
found in Prof. Thompson's "Dynamo-electric Machinery and
Polyphase Electric Currents." With figures and examples. 8vo,
cloth, illustrated 75

The Interpretation of Mathematical Formulae. With
figures and examples. 8vo, cloth, illustrated $1 . 25

HOWARD, C. R. Earthwork Mensuration on the Basis
of the Prismoidal Formulae. Containing Simple and Labor-saving
Methods of obtaining Prismoidal Contents directly from End
Areas. Illustrated by Examples and accompanied by Plain
Rules for Practical Use. Illustrated. 8vo, cloth. , $1 . 50

HOWORTH, J. Art of Repairing and Riveting Glass,
China and Earthenware. Second Edition. 8vo, pamphlet, illus-

trated net, $0 . 50

HUBBARD, E. The Utilization of Wood-waste. A Com-
plete Account of the Most Advantageous Methods of Working Up
Wood Refuse, especially Sawdust, Exhausted Dye Woods and
Tan as Fuel, as a Source of Chemical Products for Artificial Wood
Compositions, Explosives, Manures, and many other Technical

Purposes. Translated from the German of the second revised

and enlarged edition. 8vo, cloth, illustrated, 192 pages . . net, $2 . 50

HUMBER, W., C.E. A Handy Book for the Calculation

4
of Strains in Girders, and Similar Structures, and their Strength;
consisting of Formulae and Corresponding Diagrams, with numer-
ous details for practical application, etc. Fourth Edition. 12mo,
cloth $2.50
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HUMPHREYS, A. C. (Stevens Institute). Lecture Notes
on some of the Business Features of Engineering Practice. 8vo,
cloth, with supplement net, $1 .25

HURST, G. H., F.C.S. Color. A Handbook of the Theory
of Color. A practical work for the Artist, Art Student, Painter,

Dyer and Calico Printer, and Others. Illustrated with 10 colored

plates and 72 illustrations. 8vo, cloth net, $2 . 50

Dictionary of Chemicals and Raw Products Used
in the Manufacture of Paints, Colors, Varnishes and Allied Prep-
arations. 8vo, cloth net , $3 . 00

Lubricating Oils, Fats and Greases : Their Origin,
Preparation, Properties, Uses and Analysis. 313 pages, with
65 illustrations. 8vo, cloth net, $3 . 00

Soaps. A Practical Manual of the Manufacture of

Domestic, Toilet and other Soaps. Illustrated with 66 engrav-
ings. 8vo, cloth net, $5.00

Textile Soaps and Oils : A Handbook on the Prepara-
tion, Properties,

and Analysis of the Soaps and Oils Used in

Textile Manufacturing, Dyeing and Printing. With tables and
illustrations. 8vo, cloth net, $2.50

HUTCHINSON, R. W., Jr. Long Distance Electric Power
Transmission: being a Treatise on the Hydro-electric Genera-
tion of Energy; its Transformation, Transmission, and Distri-

bution. 12mo, cloth, illustrated In Press.

and IHLSENG, M. C. Electricity in Mining; being a
Theoretical and Practical Treatise on the Construction, Opera-
tion, and Maintenance of Electrical Mining Machinery. 12mo,
cloth, illustrated In Press.

HUTCH[NSON, W. B. Patents and How to Make Money
out of Them. 12mo, cloth $1 . 25

HUTTON, W. S. Steam-boiler Construction. A Practical
Handbook for Engineers, Boiler-makers and Steam-users. Con-
taining a large collection of rules and data relating to recent

practice in the design, construction and working of all kinds
of stationary, locomotive and marine steam-boilers. With up-
wards of 540 illustrations. Fourth Edition, carefully revised and
muck enlarged. 8vo, cloth $6 . 00

Practical Engineer's Handbook, comprising a Treatise
on Modern Engines and Boilers, Marine, Locomotive and Station-

ary. Fourth Edition, carefully revised, with additions. With
upwards of 570 illustrations. 8vo, cloth $7.00
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BUTTON, W. S. The Works' Manager's Handbook of
Modern Rules, Tables and Data for Civil and Mechanical Engi-
neers, Millwrights and Boiler-makers, etc., etc. With upwards of

150 illustrations. Fifth Edition, carefully revised, with additions.

8vo, cloth $6.00

INGLE, H. Manual of Agricultural Chemistry. 8vo,
cloth, illustrated, 388 pages net, $3 . 00

INNES, C. H. Problems in Machine Design. For the
use of Students, Draughtsmen and others. Second Edition, 12mo,
cloth net, $2 . 00

Centrifugal Pumps, Turbines and Water Motors. In-

cluding the Theory and Practice of Hydraulics. Third and enlarged
edition. 12mo, cloth net, $2 . 00

ISHERWOOD, B. F. Engineering Precedents for Steam
Machinery. Arranged in the most practical and useful manner
for Engineers. With illustrations. Two volumes in one. 8vo,
cloth $2.50

JAMIESON, A., C.E. A Text-book on Steam and Steam-
engines. Specially arranged for the use of Science and Art, City
and Guilds of London Institute, and other Engineering Students.
Thirteenth Edition. Illustrated. 12mo, cloth $3 .00

Elementary Manual on Steam and the Steam-engine.
Specially arranged for the use of First-year Science and Art, City
and Guilds of London Institute, and other Elementary Engineer-
ing Students. Third Edition. 12mo, cloth $1 .50

JANNETTAZ, E. A Guide to the Determination of Rocks :

being an Introduction to Lithology. Translated from the French

by G. W. Plympton, Professor of Physical Science at Brooklyn
Polytechnic Institute. 12mo, cloth $1 . 50

JEHL, F., Mem. A.I.E.E. The Manufacture of Carbons
for Electric Lighting and Other Purposes. A Practical Handbook,
giving a complete description of the art of making carbons, electros,

etc. The various gas generators and furnaces used in carbonizing,
with a plan for a model factory. Illustrated with numerous dia-

grams, tables, and folding plates. 8vo, cloth, illustrated..net, $4 . 00

JENNISON, F. H. The Manufacture of Lake Pigments
from Artificial Colors. A useful handbook for color manufac-

turers, dyers, color chemists, paint manufacturers, drysalters,

wallpaper-makers, enamel and surface-paper makers. With 15

plates illustrating the various methods and errors that arise in

the different processes of production. 8vo, cloth net, $3.00
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JEPSON, G. Cams, and the Principles of their Construc-
tion. With figures, half-tones, full-page and folding plates. 8vo,
cloth, illustrated net, $1.50

JOCKIN, WM. Arithmetic of the Gold and Silversmith.

Prepared for the use of Jewelers, Founders, Merchants, etc.,

especially for those engaged in the conversion and alloying of

gold or other metals, the mixing of various substances, etc.

With numerous examples. 12mo, cloth $1 .25

JOHNSON, W. McA. "The Metallurgy of Nickel." In Press.

JOHNSTON, J. F. W., Prof., and CAMERON, Sir Chas.
Elements of Agricultural Chemistry and Geology. Seventeenth
Edition. 12mo, cloth $2.60

JONES, H. C. Outlines of Electrochemistry. With
tables and diagrams. 4to, cloth, illustrated $1 . 50

- Electrical Nature of Matter and Radioactivity. i2mo,
cloth net, $2.00

JONES, M. W. The Testing and Valuation of Raw Mate-
rials used in Paint and Color Manufacture. 12mo, cloth, . net, $2 . 00

JOYNSON, F. H. The Metals Used in Construction.
Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo, cloth. . . .75

-
Designing and Construction of Machine Gearing.

Illustrated. 8vo, cloth $2.00

JUPTNER, H. F. V. Siderology: The Science of Iron.

(The Constitution of Iron Alloys and Iron.) Translated from
the German. 8vo, cloth, 345 pages, illustrated net, $5.00

KANSAS CITY BRIDGE, THE. With an Account of
the Regimen of the Missouri River and a Description of the
Methods used for Founding in that River, by O. Chanute, Chief

Engineer, and George Morison, Assistant Engineer. Illustrated
with 5 lithographic views and 12 plates of plans. 4to, cloth. $6 . 00

KAPP, G., C.E. Electric Transmission of Energy and
its Transformation, Subdivision and Distribution. A practical
handbook. Fourth Edition, revised. 12mo, cloth $3.50

Dynamos, Motors, Alternators and Rotary Con-
verters. Translated from the third German edition, by Harold
H. Simmons, A.M.I.E.E. With numerous diagrams and figures.

8vo, cloth, 507 pages $4.00
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KEIM, A. W. Prevention of Dampness in Buildings.
With Remarks on the Causes, Nature and Effects of Saline Efflo-

rescences and Dry Rot. For Architects, Builders, Overseers,
Plasterers, Painters and House Owners. Translated from the
second revised, German edition. With colored plates and dia-

grams. 8vo, cloth, illustrated, 115 pages net, $2.00

KELSEY, W. R. Continuous-current Dynamos and
Motors, and their Control: being a series of articles reprinted
from The Practical Engineer, and completed by W. R. Kelsey.
With many figures and diagrams. 8vo, cloth, illustrated. . .$2.50

KEMP, J. F., A.B., E.M. A Handbook of Rocks. For Use
without the microscope. With a glossary of the names of rocks
and of other lithological terms. Third Edition, revised. 8vo,
cloth, illustrated $1 .50

KEMPE, H. R. The Electrical Engineer's Pocket-book
of Modern Rules, Formulae, Tables and Data. Illustrated.

32mo, morocco, gilt $1 . 75

KENNEDY, R. Modern Engines and Power Generators.
A Practical Work on Prime Movers and the Transmission of

Power: Steam, Electric, Water, and Hot-air. With tables, fig-

ures, and full-page engravings. 6 vols. 8vo, cloth, illustrated.

$15.00
Single volumes, each $3 .00

Electrical Installations of Electric Light, Power,
Traction, and Industrial Electrical Machinery. With numerous
diagrams and engravings.

Vol. I. The Electrical Circuit, Measurement, Ele-
ments of Motors, Dynamos, Electrolysis. 8vo, cloth, illus. . $3.50

Vol. II. Instruments, Transformers, Installation Wir-
ing, Switches and Switchboards. 8vo, cloth, illustrated. . . . $3.50

Vol. III. Production of Electrical Energy, Prime
Movers, Generators and Motors. 8vo, cloth, illustrated. . . $3.50

Vol. IV. Mechanical Gearing ; Complete Electric In-

stallations; Electrolytic, Mining and Heating Apparatus; Electric

Traction; Special Applications of Electric Motors. 8vo, cloth,
illustrated $3.50
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KENNEDY, R. Vol. V. Apparatus and Machinery used in

Telegraphs, Telephones, Signals, Wireless Telegraph, X-Rays, and
Medical Science. 8vo, cloth, illustrated $3 . 50

Complete sets of the five volumes $15.00

KENNELLY, A. E. Theoretical Elements of Electro-

dynamic Machinery. 8vo, cloth SI. 50

KINGDON, J. A. Applied Magnetism. An Introduction
to the Design of Electromagnetic Apparatus. 8vo, cloth. . $3.00

KIRKALDY, W. G. Illustrations of David Kirkaldy's

System of Mechanical Testing, as Originated and Carried on by
him during a Quarter of a Century. Comprising a Large Selec-

tion of Tabulated Results, showing the Strength and other Proper-
ties of Materials used in Construction, with Explanatory Text
and Historical Sketch. Numerous engravings and 25 lithographed
plates. 4to, cloth $10 .00

KIRKBRIDE, J. Engraving for Illustration: Historical
and Practical Notes, with illustrations and 2 plates by ink

photo process. 8vo, cloth, illustrated net, $1 . 50

KIRKWOOD, J. P. Report on the Filtration of River
Waters for the Supply of Cities, as practised in Europe, made
to the Board of Water Commissioners of the City of St. Louis.
Dlustrated by 30 double-page engravings. 4to, cloth .... $7 . 50

KLEIN, J. F Design of a High-speed Steam-engine.
With notes, diagrams, formulas and tables. Second Edition,
revised and enlarged. 8vo, cloth, illustrated net, $5.00

KLEINHANS, F. B. Boiler Construction. A Practical ex-

planation of the best modern methods of Boiler Construction,
from the laying out of sheets to the completed Boiler. With
diagrams and full-page engravings. 8vo, cloth, illustrated.. $3. 00

KNIGHT, A. M., Lieut.-Com. U.S.N. Modern Seaman-
ship. Illustrated with 136 full-page plates and diagrams. 8vo,
cloth, illustrated. Second Edition, revised net, $6.00
Half morocco $7 . 50

KNOTT, C. G., and MACKAY, J. S. Practical Mathematics.
With numerous examples, figures and diagrams. New Edition.

8vo, cloth, illustrated $2 .00
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KOLLER, T. The Utilization of Waste Products. A
Treatise on the Rational Utilization, Recovery and Treatment
of Waste Products of all kinds. Translated from the German
second revised edition. With numerous diagrams. 8vo, cloth,
illustrated net, $3 . 50

Cosmetics. A Handbook of the Manufacture, Em-
ployment and Testing of all Cosmetic Materials and Cosmetic

Specialties. Translated from the German by Chas. Salter. 8vo
cloth net, $2 . 50

KRAUCH, C., Dr. Testing of Chemical Reagents for

Purity. Authorized translation of the Third Edition, by J. A.
Williamson and L. W. Dupre. With additions and emendations

by the author. 8vo, cloth net, $4 . 50

LAMBERT, T. Lead, and its Compounds, With tables,
diagrams and folding plates. 8vo, cloth net, $3.50

Bone Products and Manures. An Account of
the most recent improvements in the manufacture of Fat, Glue,
Animal Charcoal, Size, Gelatine and Manures. With plans and

diagrams. 8vo, cloth, illustrated net, $3 . 00

LAMBORN, L. L. Cottonseed Products : A Manual of the
Treatment of Cottonseed for its Products and Their Utilization

in the Arts. With Tables, figures, full-page plates, and a large

folding map. 8vo, cloth, illustrated net, $3 .00

Modern Soaps, Candles, and Glycerin. A practical
manual of modern methods of utilization of Fats and Oils in the

manufacture of Soaps and Candles, and the recovery of Glycerin.
8vo, cloth, illustrated net, $7 . 50

LAMPRECHT, R. Recovery Work after Pit Fires. A
description of the principal methods pursued, especially in fiery

mines, and of the various appliances employed, such as respira-

tory and rescue apparatus, dams, etc. With folding plates and

diagrams. Translated from the German by Charles Salter. 8vo,

cloth, illustrated net, $4 .00

LARRABEE, C. S. Cipher and Secret Letter and Tele-

graphic Code, with
^ Hog's Improvements. The most perfect

Secret Code ever invented or discovered. Impossible to read

without the key. 18mo, cloth 60
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LASSAR-COHN, Dr. An Introduction to Modern Scien-
tific Chemistry, in the form of popular lectures suited to University
Extension Students and general readers. Translated from the

author's corrected proofs for the. second German edition, by
M. M. Pattison Muir, M.A. 12mo, cloth, illustrated $2.00

LATTA, M. N. Gas Engineering Practice. With figures,

diagrams and tables. 8vo, cloth, illustrated in Press.

LEASK, A. R. Breakdowns at Sea and How to Repair
Them. With 89 illustrations. Second Edition. 8vo, cloth. $2.00

Triple and Quadruple Expansion Engines and Boilers
and their Management. With 59 illustrations. Third Edition,
revised. 12mo, cloth $2.00

Refrigerating Machinery: Its Principles and Man-
agement. With 64 illustrations. 12mo, cloth $2.00

LECKY, S. T. S. "Wrinkles" in Practical Navigation.
With 130 illustrations. 8vo, cloth. Fourteenth Edition, revised
and enlarged $8 .00

LEFEVRE, L. Architectural Pottery : Bricks, Tiles, Pipes,
Enameled Terra-Cottas, Ordinary and Incrusted Quarries, Stone-
ware Mosaics, Faiences and Architectural Stoneware. With
tables, plates and 950 cuts and illustrations. With a preface by
M. J.-C. Formige. Translated from the French, by K. H. Bird,
M.A., and W. Moore Binns 4to, cloth, illustrated net, $7.50

LEHNER, S. Ink Manufacture : including Writing, Copy-
ing, Lithographic, Marking, Stamping and Laundry Inks. Trans-
lated from the fifth German edition, by Arthur Morris and
Herbert Robson, B.Sc. 8vo, cloth, illustrated net, $2.50

LEMSTROM, Dr. Electricity in Agriculture and Horticul-
ture. Illustrated net

, $1 . 50

LEVY, C. L. Electric-light Primer. A simple and com-
prehensive digest of all the most important facts connected with
the running of the dynamo, and electric lights, with precautions
for safety. For the use of persons whose duty it is to look after
the plant. 8vo, paper 60
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LIVERMORE, V. P., and WILLIAMS, J. How to Become
a Competent Motorman. Being a Practical Treatise on the
Proper Method of Operating a Street Railway Motor Car; also

giving details how to overcome certain defects. 16mo, cloth,
illustrated, 132 pages $1 . 00

LOBBEN, P., M.E. Machinists' and Draftsmen's Hand-
book, containing Tables, Rules, and Formulas, with numerous
examples, explaining the principles of mathematics and mechanics,
as applied to the mechanical trades. Intended as a reference book
for all interested in Mechanical work. Illustrated with many
cuts and diagrams. 8vo, cloth $2 . 50

LOCKE, A. G. and C. G. A Practical Treatise on the
Manufacture of Sulphuric Acid. With 77 constructive plates,
drawn to scale measurements, and other illustrations. Royal
8vo, cloth $10.00

LOCKERT, L. Petroleum Motor-cars. i2mo, cloth, $1.50

LOCKWOOD, T. D. Electricity, Magnetism, and Electro-

telegraphy. A Practical Guide for Students, Operators, and
Inspectors. 8vo, cloth. Third Edition $2.50

Electrical Measurement and the Galvanometer: its

Construction and Uses. Second Edition. 32 illustrations. 12mo,
cloth $1 . 50

LODGE, 0. J. Elementary Mechanics, including Hydro-
statics and Pneumatics. Revised Edition. 12mo, cloth ... $1 . 50

Signalling Across Space, Without Wires : being a
description of the work of Hertz and his successors. With numer-
ous diagrams and half-tone cuts, and additional remarks con-

cerning the application to Telegraphy and later developments.
Third Edition. 8vo, cloth, illustrated net, $2.00

LORD, R. T. Decorative and Fancy Fabrics. A Valuable
Book with designs and illustrations for manufacturers and de-

signers of Carpets, Damask, Dress and all Textile Fabrics. 8vo,
cloth, illustrated net, $3 . 50

LORING, A. E. A Handbook of the Electro-magnetic
Telegraph. 16mo, cloth, boards. New and enlarged edition. . .50

LUCE, S. B. (Com., U. S. N.). Text-book of Seamanship.
The Equipping and Handling of Vessels under Sail or Steam.
For the use of the U. S. Naval Academy. Revised and enlarged
edition, by Lieut. Wm. S. Benson. 8vo, cloth, illustrated. $10.00



SCIENTIFIC PUBLICATIONS. 35

LUCKE, C. E. Gas Engine Design. With figures and
diagrams. 8vo, cloth, illustrated net, $3 .00

Power Plant Design and Construction In Press.

Power Plant Papers. Form I. The Steam Power
Plant, Pamphlet (8x13) net, $1.50

LUNGE, G., Ph.D. Coal-tar and Ammonia: being the
third and enlarged edition of "A Treatise on the Distillation of

Coal-tar and Ammoniacal Liquor," with numerous tables, figures
and diagrams. Thick Svo, cloth, illustrated. . . , net, $15.00

A Theoretical and Practical Treatise on the Man-
ufacture of Sulphuric Acid and Alkali with the Collateral Branches.

Vol. I. Sulphuric Acid. In two parts, not sold separately.
Second Edition, revised and enlarged. 342 illus. Svo, cloth . . $15 . 00

Vol. II. Salt Cake, Hydrochloric Acid and Leblanc
Soda. Second Edition, revised and enlarged. Svo, cloth ... $15 . 00

Vol. III. Ammonia Soda, and various other processes
of Alkali-making, and the preparation of Alkalis, Chlorine and
Chlorates, by Electrolysis. Svo, cloth. New Edition, 1896 . . $15 . 00

-and HURTER, F. The Alkali Maker's Handbook.
Tables and Analytical Methods for Manufacturers of Sulphuric
Acid, Nitric Acid, Soda, Potash and Ammonia- Second Edition.

12mo, cloth $3.00

LUPTON, A., PARR, G. D. A., and PERKIN, H. Elec-

tricity as Applied to Mining. With tables, diagrams and folding
plates. Second Edition, revised and enlarged. Svo, cloth, illus-

trated net, $5.00

LUQUER, L. M., Ph.D. Minerals in Rock Sections.
The Practical Method of Identifying Minerals in Rock Sections
with the Microscope. Especially arranged for Students in Techni-
cal and Scientific Schools. Revised Edition. Svo, cloth, illus-

trated net, $1.50

MACKIE, JOHN. How to Make a Woolen Mill Pay.
Svo, cloth net, $2*. 00

MACKROW, C. The Naval Architect's and Ship-builder's
Pocket-book of Formula?, Rules, and Tables; and Engineers' and
Surveyors' Handy Book of Reference. Eighth Edition, revised
and enlarged. 16mo, limp leather, illustrated $5 . 00
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MAGUIRE, E., Capt., U.S.A. The Attack and Defence
of Coast Fortifications. With maps and numerous illustrations,

8vo, cloth $2.50

MAGUIRE, WM. R. Domestic Sanitary Drainage and
Plumbing Lectures on Practical Sanitation. 332 illustrations.

8vo $4 . 00

MAILLOUX, C. 0. Electro-traction Machinery. 8vo,
cloth, illustrated In Press.

MARKS, E. C. R. Mechanical Engineering Materials:
Their Properties and Treatment in Construction. 12mo, cloth,
illustrated 60

Notes on the Construction of Cranes and Lifting
Machinery. With numerous diagrams and figures. New and
enlarged editwn. 12mo, cloth net, $1 . 50

Notes on the Construction and Working of Pumps.
With figures, diagrams and engravings. 12mo, cloth, illus-

trated net, $1 . 50

MARKS, G. C. Hydraulic Power Engineering. A Prac-
tical Manual on the Concentration and Transmission of Power
by Hydraulic Machinery. With over 200 diagrams and tables

8vo, cloth, illustrated. $3 . 50

MARSH, C. F. Reinforced Concrete. With full-page and
folding plates, and 512 figures and diagrams. 4to, cloth, illus-

trated net, $7.00

MAVER, W. American Telegraphy: Systems, Apparatus,
Operation. 450 illustrations. 8vo, cloth $5 . 00

MAYER, A. M., Prof. Lecture Notes on Physics. 8vo,
cloth $2.00

LIcCULLOCH, R. S., Prof. Elementary Treatise on the
Mechanical Theory of Heat, and its application to Air and Steam-

engines. 8vo, cloth $3 . 50

McINTOSH, J. G. Technology of Sugar. A Practical Treatise
on the Manufacture of Sugar from the Sugar-cane and Sugar-
beet. With diagrams and tables. 8vo, cloth, illustrated . net, $4 . 50
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McINTOSH, J. G. Manufacture of Varnishes and Kindred
Industries. Based on and including the "Drying Oils and Var-

nishes," of Ach. Livache. Volume i. Oil Crushing, Refining and
Boiling, Manufacture of Linoleum, Printing and Lithographic
Inks, and India-rubber Substitutes. Second greatly enlarged

English Edition. Svo, cloth, illustrated net, $3.50
(To be complete in three volumes.)

McNEILL, B. McNeuTs Code. Arranged to meet the

requirements of Mining, Metallurgical and Civil Engineers, Direc-
tors of Mining, Smelting and other Companies, Bankers, Stock
and Share Brokers, Solicitors, Accountants, Financiers and
General Merchants. Safety and Secrecy. Svo, cloth. ... $6 . OO

McPHERSON, J. A., A. M. Inst. C. E. Waterworks
Distribution. A practical guide to the laying out of systems of

distributing mains for the supply of water to cities and towns.
With tables, folding plates and numerous full-page diagrams.
Svo, cloth, illustrated $2 . 50

MERCK, E. Chemical Reagents : Their Purity and Tests.
In Press.

MERRITT, WM. H. Field Testing for Gold and Silver.
A Practical Manual for Prospectors and Miners. With numerous
half-tone cuts, figures and tables. 16mo, limp leather, illus-

trated $1 . 50

METAL TURNING. By a Foreman Pattern-maker. Illus-

trated with 81 engravings. 12mo, cloth $1 . 50

MICHELL, S. Mine Drainage: being a Complete Prac-
tical Treatise on Direct-acting Underground Steam Pumping
Machinery. Containing many folding plates, diagrams and
tables. Second Edition, rewritten and enlarged. Thick Svo,
cloth, illustrated $10.00

MIERZINSKI, S., Dr. Waterproofing of Fabrics. Trans-
lated from the German by Arthur Morris and Herbert Robson.
With diagrams and figures. Svo, cloth, illustrated. . . net, $2.50

MILLER, E. H. Quantitative Analysis for Mining Engi-
neers. Svo, cloth net, $1 . 50
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MINIFIE, W. Mechanical Drawing. A Text-book of
Geometrical Drawing for the use of Mechanics and Schools, in

which the Definitions and Rules of Geometry are familiarly ex-

plained; the Practical Problems are arranged from the most

simple to the more complex, and in their description technicalities

are avoided as much as possible. With illustrations for drawing
Plans, Sections, and Elevations of Railways and Machinery; an
Introduction to Isometrical Drawing, and an Essay on Linear

Perspective and Shadows. Illustrated with over 200 diagram-
engraved on steel. Tenth fhousand, revised. With an Appens
dix on the Theory and Application of Colors. 8vo, cloth . . $4 . 00

Geometrical Drawing. Abridged from the octavo
edition, for the use of schools. Illustrated with 48 steel plates.
Ninth Edition. 12mo, cloth $2.00

MODERN METEOROLOGY. A Series of Six Lectures,
delivered under the auspices of the Meteorological Society in

1870. Illustrated. 12mo, cloth $1 . 50

MOORE, E. C. S. New Tables for the Complete Solu-
tion of Ganguillet and Kutter's Formula for the flow of liquids in

open channels, pipes, sewers and conduits. In two parts. Part I,

arranged for 1080 inclinations from 1 over 1 to 1 over 21,120 for

fifteen different values of (n). Part II, for use with all other
values of (n). With large folding diagram. 8vo, cloth, illus-

trated net, $5.00

MOREING, C. A., and NEAL, T. New General and Mining
Telegraph Code. 676 pages, alphabetically arranged. For the
use of mining companies, mining engineers, stock brokers, financial

agents, and trust and finance companies. Eighth Edition. 8vo,
'

cloth $5.00

MOSES, A. J. The Characters of Crystals. An Intro-
duction to Physical Crystallography, containing 321 illustrations

and diagrams. 8vo net, $2 . 00

and PARSONS, C. L. Elements of Mineralogy,
Crystallography and Blowpipe Analysis from a Practical Stand-

point. Third Enlarged Edition. 8vo, cloth, 336 illustrations,

net, $2.50

MOSS, S. A. Elements of Gas Engine Design. Reprint
of a Set of Notes accompanying a Course of Lectures delivered
at Cornell University in 1902. 16mo, cloth, illustrated. (Van
Nostrand's Science Series) $0 . 50
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MOSS, S. A. The Lay-out of Corliss Valve Gears. (Van
Nostrand's Science Series.) IGino, cloth, illustrated $0.50

MULLIN, J. P., M.E. Modern Moulding and Pattern-

making. A Practical Treatise upon Pattern-shop and Foundry
Work: embracing the Moulding of Pulleys, Spur Gears, Worm
Gears, Balance-wheels, Stationary Engine and Locomotive

Cylinders, Globe Valves, Tool Work, Mining Machinery, Screw

Propellers, Pattern-shop Machinery, and the latest improve-
ments in English and American Cupolas; together with a large
collection of original and carefully selected Rules and Tables
for every-day use in the Drawing Office, Pattern-shop and Foundry.
12mo, cloth, illustrated $2 . 50

MUNRO, J., C.E., and JAMIESON, A., C.E. A Pocket-
book of Electrical Rules and Tables for the use of Electricians
and Engineers. Fifteenth Edition, revised and enlarged. With
numerous diagrams. Pocket size. Leather $2. 50

MURPHY, J. G., M.E. Practical Mining. A Field Manual
for Mining Engineers. With Hints for Investors in Mining
Properties. 16mo, cloth $1 . 00

NAQUET, A. Legal Chemistry. A Guide to the Detection
of Poisons, Falsification of Writings, Adulteration of Alimentary
and Pharmaceutical Substances, Analysis of Ashes, and Exami-
nation of Hair, Coins, Arms and Stains, as applied to Chemical

Jurisprudence, for the use of Chemists, Physicians, Lawyers,
Pharmacists and Experts. Translated, with additions, including
a list of books and memoirs on Toxicology, etc., from the French,
by J. P. Battershall, Ph.D., with a Preface by C. F. Chandler,
Ph.D., M.D., LL.D. 12rno, cloth $2" OQ

NASMITH, J. The Student's Cotton Spinning. Third
Edition, revised and enlarged. 8vo, cloth, 622 pages, 250 illus-

trations $3 . 00

NEUBURGER, H., and NOALHAT, H. Technology of
Petroleum. The Oil Fields of the World: their History, Geog-
raphy and Geology. Annual Production, Prospection and Develop-
ment; Oil-well Drilling; Transportation of Petroleum by Land
and Sea. Storage of Petroleum. With 153 illustrations and 25
plates. Translated from the French, by John Geddes Mclntosh.
8vo, cloth, illustrated net, $10.00
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NEWALL, J. W. Plain Practical Directions for Drawing,
Sizing and Cutting Bevel-gears, showing how the Teeth may
be cut in a Plain Milling Machine or Gear Cutter so as to give
them a correct shape from end to end; and showing how to get

put all particulars for the Workshop without making any Draw-
ings. Including a Full Set of Tables of Reference. Folding
plates. 8vo, cloth $1 . 50

NEWLANDS, J. The Carpenters' and Joiners' Assistant:

being a Comprehensive Treatise on the Selection, Preparation
and Strength of Materials, and the Mechanical Principles of

Framing, with their application in Carpentry, Joinery and
Hand-railing; also, a Complete Treatise on Sines; and an Illus-

trated Glossary of Terms used in Architecture and Building.
Illustrated. Folio, half morocco $15.00

NIPHER, F. E., A.M. Theory of Magnetic Measurements,
with an Appendix on the Method of Least Squares. 12mo,
cloth $1.00

NUGENT, E. Treatise on Optics; or, Light and Sight
Theoretically and Practically Treated, with the Application to
Fine Art and Industrial Pursuits. With 103 illustrations. 12mo,
cloth $1 . 50

O'CONNOR, H. The Gas Engineer's Pocket-book. Com-
prising Tables, Notes and Memoranda relating to the Manu-
facture, Distribution and Use of Coal-gas and the Construction
of Gas-works. Second Edition, revised. 12mo, full leather, gilt

edges $3 .50

OLSEN, J. C., Prof. Text-book of Quantitative Chemical
Analysis by Gravimetric, Electrolytic, Volumetric and Gasometric
Methods. With Seventy-two Laboratory Exercises giving the

Analysis of Pure Salts, Alloys, Minerals and Technical Products.
With numerous figures and diagrams. 8vo. cloth. . net, $4.00

OSBORN, F. C. Tables of Moments of Inertia, and Squares
of Radii of Gyration; supplemented by others on the Ultimate
and Safe Strength of Wrought-iron Columns, Safe Strength of
Timber Beams, and Constants for readily obtaining the Shearing
Stresses, Reactions and Bending Moments in Swing Bridges.
Fifth Edition. 12mo, leather net, $3 . 00

OSTERBERG, M. Synopsis of Current Electrical Litera-
ture, compiled from Technical Journals and Magazines during
1895. 8vo, cloth. . $1 .00
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ODDIN, M. A. Standard Polyphase Apparatus and Systems.
With many diagrams and figures. Third Edition, thoroughly
revised. Fully illustrated $3 . 00

PALAZ, A., Sc.D. A Treatise on Industrial Photometry,
with special application to Electric Lighting. Authorized trans-
lation from the French by George W. Patterson, Jr. Second
Edition, revised. 8vo, cloth, illustrated. $4 . 00

PAMELY, C. Colliery Manager's Handbook. A Compre-
hensive treatise on the Laying-out and Working of Collieries.

Designed as a book of reference for colliery managers and for the
use of coal-mining students preparing for first-class certificates.

Fifth Edition, revised and greatly enlarged. Containing over 1,000

diagrams, plans, and engravings. 8vo, cloth, illustrated.

net, $10.00

PARR, G. D. A. Electrical Engineering Measuring Instru-

ments, for Commercial and Laboratory Purposes. With 370

diagrams and engravings. 8vo, cloth, illustrated net, $3.50

PARRY, E. J., B.Sc. The Chemistry of Essential Oils

and Artificial Perfumes. Being an attempt to group together
the more important of the published facts connected with the

subject; also giving an outline of the principles involved in the

preparation and analysis of Essential Oils. With numerous dia-

grams and tables. 8vo, cloth, illustrated net, $5.00

and COSTE, J. H. Chemistry of Pigments. With
tables and figures. 8vo, cloth net, $4 . 50

PARRY, L. A., M.D. The Risks and Dangers of Various

Occupations and their Prevention. A book that should be in

the hands of manufacturers, the medical profession, sanitary

inspectors, medical officers of health, managers of works, foremen
and workmen. 8vo, cloth net, $3 . 00

PARSHALL, H. F., and HOBART, H. M. Armature
Windings of Electric Machines. With 140 full-page plates, 65
tables and 165 pages of descriptive letter-press. 4to, cloth.. $7.50

and PARRY, E. Electrical Equipment of Tramways.
In Press.

PASSMORE, A. C. Handbook of Technical Terms used
in Architecture and Building, and their Allied Trades and Sub-

jects. 8vo, cloth net, $3 . 50
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PATERSON, D., F.C.S. The Color Printing of Carpet
Yarns. A useful manual for color chemists and textile printers
With numerous illustrations. 8vo, cloth, illustrated. . . . net, $3 . 50

Color Matching on Textiles. A Manual intended for
the use of Dyers, Calico Printers, and Textile Color Chemists.

Containing colored frontispiece and 9 illustrations, and 14 dyed
patterns in appendix. 8vo, cloth, illustrated net, $3.00

The Science of Color Mixing. A Manual intended
for the use of Dyers, Calico Printers, and Color Chemists. With
figures, tables, and colored plate. 8vo, cloth, illustrated, net, $3 .00

PATTEN, J. A Plan for Increasing the Humidity of
the Arid Region and the Utilization of Some of the Great Rivers
of the United States for Power and other Purposes. A paper
communicated to the National Irrigation Congress, Ogden, Utah,
Sept. 12, 1903. 4to, pamphlet, 20 pages, with 7 maps $1 .00

PATTON, H. B. Lecture Notes on Crystallography.
Revised Edition, largely rewritten. Prepared for use of the stu-
dents at the Colorado School of Mines. With blank pages for

note-taking. Svo, cloth net, $1 .25

PAULDING, C. P. Practical Laws and Data on the Con-
densation of Steam in Covered and Bare Pipes; to which is added
a translation of Peclet's "Theory and Experiments on the Trans-
mission of Heat Through Insulating Materials." Svo, cloth,

illustrated, 102 pages net, $2 . 00

- Transmission of Heat through Cold-storage Insula-
tion: Formulas, Principles, and Data Relating to Insulation of.

Every Kind. A manual for refrigerating engineers. With tables
and diagrams. 12mo, cloth, illustrated net, $1 .00

PEIRCE, B. System of Analytic Mechanics. 4to,
cloth $10.00

PERRINE, F. A. C., A.M., D.Sc. Conductors for Elec-
trical Distribution: their Manufacture and Materials, the Calcu-
lation of Circuits, Pole Line Construction, Underground Working
and other Uses. With numerous diagrams and engravings. Svo,
cloth, illustrated, 287 pages net, $3 . 50

PERRY, J. Applied Mechanics. A Treatise for the use
of students who have time to work experimental, numerical, and
graphical exercises illustrating the subject. Svo, cloth, 650

pages. net, $2 . 50
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PHILLIPS, J. Engineering Chemistry. A Practical
Treatise for the use of Analytical Chemists, Engineers, Iron

Masters, Iron Founders, students and others. Comprising methods
of Analysis and Valuation of the principal materials used in

Engineering works, with numerous Analyses, Examples, and
Suggestions. Illustrated. Third Edition, revised and enlarged.
8vo, cloth net

, $4 . 50

Gold Assaying. A Practical Handbook giving the
Modus Operandi for the Accurate Assay of Auriferous Ores and
Bullion, and the Chemical Tests required in the Processes of

Extraction by Amalgamation, Cyanidation and Chlorination.
With an appendix of tables and statistics and numerous diagrams
and engravings. 8vo, cloth, illustrated net, $2.50

PHIN, J. Seven Follies of Science. A Popular Account
of the most famous scientific impossibilities and the attempts
which have been made to solve them; to which is added a small

Budget of Interesting Paradoxes, Illusions, and Marvels. With
numerous illustrations. 8vo, cloth, illustrated net, $1 .25

PICKWORTH, C. N. The Indicator Handbook. A Prac-
tical Manual for Engineers. Part I. The Indicator: its Con-
struction and Application. 81 illustrations. 12mo, cloth.. . $1 . 50

The Indicator Handbook. Part II. The Indicator

Diagram: its Analysis and Calculation. With tables and figures.

12mo, cloth, illustrated $1 . 50

Logarithms for Beginners. 8vo, boards 50

The Slide Rule. A Practical Manual of Instruction for

all Users of the Modern Type of Slide Rule, containing Succinct

Explanation of the Principle of Slide-rule Computation, together
with Numerous Rules and Practical Illustrations, exhibiting the

Application of the Instrument to the Every-day Work of the

Engineer Civil, Mechanical and Electrical. Seventh Edition.

12mo, flexible cloth $1 .00

Plane Table, The. Its Uses in Topographical Survey-
ing. From the Papers of the United States Coast Survey.
Illustrated. 8vo, cloth $2.00
"This work gives a description of the Plane Table employed at

the United States Coast Survey office, and the manner of using it
"

PLANTE, G. The Storage of Electrical Energy, and
Researches in the Effects created by Currents, combining Quan-
tity with High Tension. Translated from the French by Paul

B. Elwell. 89 illustrations. 8vo, cloth $4 . 00
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PLATTNER'S Manual of Qualitative and Quantitative
Analysis with the Blow-pipe. Eighth Edition, revised. Translated

by Henry B. Cornwall, E.M., Ph.D., assisted by John H. Caswell,
A.M. From the sixth German edition, by Prof. Friederich Kol-
beck. With 87 woodcuts. 463 pages. 8vo, cloth . . . net, $4 . 00

PLYMPTON, GEO. W., Prof. The Aneroid Barometer:
its Construction and Use. Compiled from several sources.

Eighth Edition, revised and enlarged. 16mo, boards, illus-

trated SO. 50

POCKET LOGARITHMS, to Four Places of Decimals,
including Logarithms of Numbers, and Logarithmic Sines and
Tangents to Single Minutes. To which is added a Table of

Natural Sines, Tangents and Co-tangents. 16mo, boards 50

POPE, F. L. Modern Practice of the Electric Telegraph.
A Technical Handbook for Electricians, Managers and Operators
Fifteenth Edition, rewritten and enlarged, and fully illustrated. 8vo
cloth $1 . 50

POPPLEWELL, W. C. Elementary Treatise on Heat and
Heat Engines. Specially adapted for engineers and students of

engineering. 12mo, cloth, illustrated $3 .00

Prevention of Smoke, combined with the Economical
Combustion of Fuel. With diagrams, figures and tables. 8vo,
cloth, illustrated net, $3 . 50

Practical Compounding of Oils, Tallow and Grease, for

Lubrication, etc. By an Expert Oil Refiner. 8vo, cloth, net, $3 . 50

Practical Iron Founding. By the Author of " Pattern

Making," etc. Illustrated with over 100 engravings. Third
Edition. 12mo, cloth $1 .50

PRAY, T., Jr. Twenty Years with the Indicator: being
a Practical Text-book for the Engineer or the Student, with no

complex Formulae. Illustrated. 8vo, cloth $2. 50

Steam Tables and Engine Constant. Compiled from
Regnault, Rankine and Dixon directly, making use of the

exact records. 8vo, cloth $2 . 00

PREECE, W. H. Electric Lamps In Press.

- and STUBBS, A. T. Manual of Telephony. Illus-

trations and plates. 12mo, cloth $4 . 50
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PRELINI, C ,
C.E. Earth and Rock Excavation. A Manual

for Engineers, Contractors, and Engineering Students. With
tables and many diagrams and engravings. 8vo, cloth, illustrated.

net, $3.00

-
Retaining Walls and Dams. 8vo, cloth, illustrated.

In Press.

Tunneling. A Practical Treatise containing 149
Working Drawings and Figures. With additions by Charles S.

Hill, C.E., Associate Editor "Engineering News." 311 pages.
Second Edition, revised. 8vo, cloth, illustrated $3.00

PREMIER CODE. (See Hawke, Wm. H.)

PRESCOTT, A. B., Prof. Organic Analysis. A Manual
of the Descriptive and Analytical Chemistry of certain Carbon

Compounds in Common Use; a Guide in the Qualitative and
Quantitative Analysis of Organic Materials in Commercial and
Pharmaceutical Assays, in the estimation of Impurities under
Authorized Standards, and in Forensic Examinations for Poisons,
with Directions for Elementary Organic Analysis. F^}th Edi-
tion 8vo, cloth $5.00

- Outlines of Proximate Organic Analysis, for the

Identification, Separation and Quantitative Determination of

the more commonly occurring Organic Compounds. Fourth
Edition 12mo, cloth $1 .75

and JOHNSON, 0. C. Qualitative Chemical Analysis.
A Guide in Qualitative Work, with Data for Analytical Opera-
tions, and Laboratory Methods in Inorganic Chemistry. Sixth
revised and enlarged Edition, entirely rewritten, with an appendix
by H. H. Willard, containing a few improved methods of analysis.
8vo. cloth net, $3.50

- and SULLIVAN, E. C. (University of Michigan). First
Book in Qualitative Chemistry. For Studies of Water Solution
and Mass Action Twelfth Edition, entirely rewritten. 12mo,
cloth net, $1 . 50

PRITCHARD, 0. G. The Manufacture of Electric-light
Carbons. Illustrated. 8vo, paper CO

PROST, E. Manual of Chemical Analysis as Applied to
the Assay of Fuels, Ores, Metals, Alloys, Salts, and other Mineral
Products. Translated from the original by J. C. Smith. Part

I, Fuels, Waters, Ores. Salts, and other mineral industrial prod-
ucts; Part II, Metals; Part III, Alloys. 8vo, cloth. . .net, $4.50
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PULLEN, W. W. F. Application of Graphic Methods
to the Design of Structures. Specially prepared for the use of

Engineers. A Treatment by Graphic Methods of the Forces
and Principles necessary for consideration in the Design of En-
gineering Structures, Roofs, Bridges, Trusses, Framed Structures,
Wells, Dams, Chimneys, and Masonry Structures. 12mo, cloth,

profusely illustrated net, $2 . 50

PULSIFER, W. H. Notes for a History of Lead. 8vo,
cloth, gilt top $4 .00

PUTSCH, A. Gas and Coal-dust Firing. A Critical Review
of the Various Appliances Patented in Germany for this purpose
since 1885. With diagrams and figures. Translated from the
German by Charles Salter. 8vo, cloth, illustrated. . . . net, $3.00

PYNCHON, T. R., Prof. Introduction to Chemical Physics,
designed for the use of Academies, Colleges and High Schools-
Illustrated with numerous engravings, and containing copious
experiments, with directions for preparing them. New Edition,

revised and enlarged, and illustrated by 269 wood engravings, 8vo,
cloth $3.00

RADFORD, C. S., Lieut. Handbook on Naval Gunnery.
Prepared by Authority of the Navy Department. For the use
of U. S. Navy, U. S. Marine Corps, and U. S. Naval Reserves.
Revised and enlarged, with the assistance of Stokely Morgan,
Lieut. U. S. N. Third Edition, revised and enlarged. 12mo,
flexible leather net, $2.00

RAFTER, G. W. Treatment of Septic Sewage (Van
Nostrand's Science Series, No. 118). 16mo, cloth 50

Tables for Sewerage and Hydraulic Engineers. In Press,

and BAKER, M. N. Sewage Disposal in the United
States. Illustrations and folding plates. Third Edition, 8vo.
cloth $6.00

RAM, G. S. The Incandescent Lamp and its Manufac-
ture. 8vo, cloth net, $3 .00

RAMP, H. M. Foundry Practice In Press.

RANDALL, J. E. A Practical Treatise on the Incan-
descent Lamp. 16mo, cloth, illustrated 50
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RANDALL, P. M. Quartz Operator's Handbook. New
Edition, revised and enlarged, fully illustrated. 12mo, cloth, $2.00

RANDAU, P. Enamels and Enamelling. An introduction
to the preparation and application of all kinds of enamels for
technical and artistic purposes. For enamel-makers, workers
in gold and silver, and manufacturers of objects of art. Third
German Edition. Translated by Charles Salter. With figures,

diagrams and tables 8vo, cloth, illustrated net, $4.00

RANKINE, W. J. M. Applied Mechanics. Comprising
the Principles of Statics and Cinematics, and Theory of Struc-

tures, Mechanism, and Machines. With numerous diagrams.
Seventeenth Edition, thoroughly revised by W. J. Millar. 8vo,
cloth $5.00

Civil Engineering. Comprising Engineering Sur-
veys, Earthwork, Foundations, Masonry, Carpentry, Metal-

work, Roads, Railways, Canals, Rivers, Water-works, Harbors,
etc. With numerous tables and illustrations. Twenty-first
Edition, thoroughly revised by W. J. Millar. 8vo, cloth $6.50

Machinery and Millwork. Comprising the Geometry,
Motions, Work, Strength, Construction, and Objects of Machines,
etc. Illustrated with nearly 300 woodcuts. Seventh Edition,

thoroughly revised by W. J. Millar. 8vo, cloth S5.00

The Steam-engine and Other Prime Movers. With
diagram of the Mechanical Properties of Steam. Folding plates,
numerous tables and illustrations. Fifteenth Edition, thor-

oughly revised by W. J. Millar. 8vo, cloth $5.00

Useful Rules and Tables for Engineers and Others.
With Appendix, Tables, Tests and Formulae for the use of Elec-

trical Engineers. Comprising Submarine Electrical Engineering,
Electric Lighting and Transmission .

of Power. By Andrew
Jamieson, C.E., F.R.S.E. Seventh Edition, thoroughly revised

by W. J. Millar. 8vo, cloth $4.00

and BAMBER, E. F., C.E. A Mechanical Text-book.
With numerous illustrations. Fifth Edition. 8vo, cloth. . $3 . 50

RAPHAEL, F. C. Localization of Faults in Electric

Light and Power Mains, with chapters on Insulation Testing.
With figures and diagrams. Second Edition, revised. 8vo,

cloth, illustrated net, $3. 00
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RATEAU, A. Experimental Researches on the Flow of
Steam through Nozzles and Orifices, to which is added a note on
the Flow of Hot Water. (Extrait des Annales des Mines, Janu-
ary, 1902.) Authorized translation by H. Boyd Brydon. With
figures, tables, and folding plates. 8vo, cloth, illustrated.

net, $1.50

RAUTENSTRAUCH, Prof. W. Syllabus of Lectures and
Notes on the Elements of Machine Design. With blank pages
for note-taking. 8vo, cloth, illustrated net, SI .50

RAYMOND, E. B. Alternating-current Engineering Prac-
tically Treated. With numerous diagrams and figures. Second
Edition. 12mo, cloth net, $2 . 50

RAYNER, H. Silk Throwing and Waste Silk Spinning.
With numerous diagrams and figures. 8vo, cloth, illustrated,

net, $2.50

RECIPES for the Color, Paint, Varnish, Oil, Soap and
Drysaltery Trades. Compiled by an Analytical Chemist. 8vo,
cloth $3 . 50

RECIPES FOR FLINT GLASS MAKING. Being Leaves
form the mixing-book of several experts in the Flint Glass Trade.

Containing up-to-date recipes and valuable information as to

Crystal, Demi-crystal, and Colored Glass in its many varieties.

It contains the recipes for cheap metal suited to pressing, blowing,
etc., as well as the most costly Crystal and Ruby. British manu-
facturers have kept up the quality of this glass from the arrival of

the Venetians to Hungry Hill, Stourbridge, up to the present
time. The book also contains remarks as to the result of the
metal as it left the pots by the respective metal mixers, taken
from their own memoranda upon the originals. Compield by
a British Glass Master and Mixer. 12mo, cloth net, $4.50

REED'S ENGINEERS' HANDBOOK, to the Local Marine
Board Examinations for Certificates of Competency as First and
Second Class Engineers. By W. H. Thorn. With the answers
to the Elementary Questions. Illustrated by 358 diagrams
and 37 large plates. Seventeenth Edition, revised and enlarged.

8vo, cloth ; $5.00

Key to the Seventeenth Edition of Reed's Engineer's
Handbook to the Board of Trade Examination for First and
Second Class Engineers and containing the workings of all the

questions given in the examination papers. By W. H. Thorn.

8vo, cloth $3.00
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REED. Useful Hints to Sea-going Engineers, and How to

Repair and Avoid "Breakdowns"; also Appendices containing
Boiler Explosions, Useful Formulae, etc. With 42 diagrams
and 8 plates. Third Edition, revised and enlarged. 12mo,
cloth . $1.50

Marine Boilers. A Treatise on the Causes and Pre-
vention of their Priming, with Remarks on their General Manage-
ment. 12mo, cloth, illustrated $2.00

REINHARDT, C. W. Lettering for Draftsmen, Engineers,
and Students. A Practical System of Free-hand Lettering for

Working Drawings. Revised and enlarged edition. Eighteenth
Thousand. Oblong, boards $1 .00

The Technic of Mechanical Drafting. A Practical

guide to neat, correct and legible drawing, containing many illus-

trations, diagrams and full-page plates. 4to, cloth, illus. . . $1 .00

REISER, F. Hardening and Tempering of Steel, in Theory
and Practice. Translated from the German of the third and
enlarged edition, by Arthur Morris and Herbert Robson. 8vo,
cloth, 120 pages $2 . 50

REISER, N. Faults in the Manufacture of Woolen Goods,
and their Prevention. Translated from the second German
edition, by Arthur Morris and Herbert Robson. 8vo. cloth,
illustrated net, $2 . 50

- Spinning and Weaving Calculations with special
reference to Woolen Fabrics. Translated from the German by
Chas. Salter 8vo, cloth, illustrated net, $5.00

RICE, J. M., and JOHNSON, W. W. On a New Method
of Obtaining the Differential of Functions, with especial refer-

ence to the Newtonian Conception of Rates or Velocities. 12mo,

paper 50

RIDEAL, S., D.Sc. Glue and Glue Testing, with figures
and tables. 8vo, cloth, illustrated net, $4.00
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RINGWALT, J. L. Development of Transportation Sys-
tems in the United States, comprising a Comprehensive Descrip-
tion of the leading features of advancement from the colonial

era to the present time, in water channels, roads, turnpikes,
canals, railways, vessels, vehicles, cars, and locomotives; the
cost of transportation at various periods and places by the differ-

ent methods; the financial, engineering, mechanical, govern-
mental and popular questions that have arisen, and notable
incidents in railway history, construction and operation. With
illustrations of hundreds of typical objects. Quarto, half mo-
rocco $7.50

RIPPER, W. A Course of Instruction in Machine Drawing
and Design for Technical Schools and Engineer Students. With
52 plates and numerous explanatory engravings. Folio, cloth,

net, $6.00

ROBERTSON, L. S. Water-tube Boilers. Based on a
short course of Lectures delivered at University College, London.
With upward of 170 illustrations and diagrams. 8vo, cloth,
illustrated $3 .00

ROBINSON, S. W. Practical Treatise on the Teeth of

Wheels, with the theory and the use of Robinson's Odontograph.
Third Edition, revised, with additions. 16mo, cloth, illustrated.

(Van Nostrand's Science Series.) $0 . 50

ROEBLING, J. A. Long and Short Span Railway Bridges.
Illustrated with large copper-plate engravings of plans and views.

Imperial folio, cloth $25 . 00

ROLLINS, W. Notes on X-Light. With 152 full-page
plates. 8vo, cloth, illustrated net, $7.50

ROSE, J., M.E The Pattern-makers' Assistant. Embrac-
ing Lathe Work, Branch Work, Core Work, Sweep Work and
Practical Gear Constructions, the Preparation and Use of Tools,

together with a large collection of useful and valuable Tables.

Ninth Edition. With 250 engravings. 8vo, cloth $2.50

Key to Engines and Engine-running. A Practical
Treatise upon the Management of Steam-engines and Boilers for

the use of those who desire to pass an examination to take

charge of an engine or boiler. With numerous illustrations,

and Instructions upon Engineers' Calculations, Indicators,

Diagrams, Engine Adjustments and other Valuable Information

necessary for Engineers and Firemen. 12mo, cloth. Illus. . $2.50
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ROWAN, F. J. The Practical Physics of the Modern
Steam-boiler. With an Introduction by Prof. R. H. Thurston.
With numerous illustrations and diagrams. 8vo, cloth, illus-

trated $7 . 50

SABINE, R. History and Progress of the Electric Tele-

graph. With descriptions of some of the apparatus. Second
Edition, ivith additions. 12mo, cloth. $1 25

SAELTZER, A. Treatise on Acoustics in Connection
with Ventilation. 12mo, cloth . $1 .00

SALOMONS, Sir D., M.A. Electric-light Installations.
A Practical Handbook. Eighth Edition, revised and enlarged,
with numerous illustrations. Vol. I., The Management of Accu-
mulators. 12mo, cloth $1 . 50
Vol. II., Apparatus.

296 illustrations. 12mo, cloth $2.25
Vol. III., Applications. 12mo, cloth $1 .50

SANFORD, P. G. Nitro-explosives. A Practical Treatise

concerning the Properties, Manufacture and Analysis of Nitrated

Substances, including the Fulminates, Smokeless Powders and
Celluloid. 8vo, cloth, 270 pages $3 .00

SAUNDERS, C. H. Handbook of Practical Mechanics
for use in the Shop and Draughting-room ; containing Tables,
Rules and Formula?, and Solutions of Practical Problems by
Simple and Quick Methods. 16mo, limp cloth 1 .00

SAUNNIER, C. Watchmaker's Handbook. A Workshop
Companion for those engaged in Watchmaking and allied Mechan-
ical Arts. Translated by J. Tripplin and E. Rigg. Second Edi-

tion, revised, with appendix. 12mo, cloth $3 . 50

SCHELLEN, H., Dr. Magneto-electric and Dynamo-
electric Machines: their Construction and Practical Application
to Electric Lighting, and the Transmission of Power. Trans-
lated from the third German edition by N. S. Keith and Percy
Neymann, Ph.D. With very large additions and notes relating
to American Machines, by N. S. Keith. Vol. 1, with 353 illus-

trations. Second Edition. 8vo, cloth $5 . 00

SCHMALL, C. N. First Course in Analytical Geometry,
Plane and Solid, with Numerous Examples. Containing figures

and diagrams. 12mo, cloth, illustrated nrt. $\ 75
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SCHMALL, C. N., and SHACK, S. M. Elements of Plane
Geometry. An Elementary Treatise. With many examples and
diagrams. 12mo, half leather, illustrated net, $1 . 25

SCHMEER, LOUIS. Flow of Water: A New Theory of
the Motion of Water under Pressure, and in Open Conduits. _8vo.
cloth, illustrated In

~

SCHUMANN, F. A Manual of Heating and Ventilation
in its Practical Application, for the use of Engineers and Archi-
tects. Embracing a Series of Tables and Formulae for Dimensions
of Heating, Flow and Return Pipes for Steam and Hot-water
Boilers, Flues, etc. 12mo, illustrated, full roan $1 .50

SCHWEIZER, V. Distillation of Resins, Resinate Lakes
and Pigments; Carbon Pigments and Pigments for Typewriting
Machines, Manifplders, etc. A description of the proper methods
of distilling resin-oils, the manufacture of resinates, resin-var-

nishes, resin-pigments and enamel paints, the preparation of all

kinds of carbon pigments, and printers' ink, lithographic inks
and chalks, and also inks for typewriters, manifolders, and
rubber stamps. With tables and 68 figures and diagrams. 8vo,
cloth, illustrated net

, $3 . 50

SCIENCE SERIES, The Van Nostrand. (Follows end of

this list.)

SCRIBNER, J. M. Engineers' and Mechanics' Com-
panion. Comprising United States Weights and Measures.
Mensuration of Superfices and Solids, Tables of Squares and
Cubes, Square and Cube Roots, Circumference and Areas of

Circles, the Mechanical Powers. Centres of Gravity, Gravitation
of Bodies, Pendulums, Specific Gravity of Bodies, Strength,
Weight and Crush of Materials, Waler-wheels. Hydrostatics,
Hydraulics, Statics, Centres of Percussion and Gyration, Friction

Heat, Tables of the Weight of Metals, Scantling, etc., Steam
anil Steam-engine. Twenty-first Edition, revised. 16mo, full

morocco $1 .50

SEATON, A. E. A Manual of Marine Engineering. Com-
prising the Designing, Construction and Working of Marine

Machinery. With numerous tables and illustrations reduced from

Working
"

Drawings. 14th Edition, revised throughout, with an
additional chapter on Water-tube Boilers. 8vo, cloth $6 . 00
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SEATON, A. E., and ROUNTHWAITE, H. M. A Pocket-
book of Marine Engineering Rules and Tables. For the use of
Marine Engineers and Naval Architects, Designers, Draughtsmen,
Superintendents and all engaged in the design and construction
of Marine Machinery, Naval and Mercantile. Seventh Edition,
revised and enlarged. Pocket size. Leather, with diagrams. $3 . 00

SEELIGMANN, T., TORRILHON, G. L., and FALCONNET,
H. India Rubber and Gutta Percha. A complete practical
treatise on India Rubber and Gutta Percha, in their historical,

botanical, arboricultural, mechanical, chemical and electrical

aspects. Translated from the French, by John Geddes Mclntosh.

8vo, cloth, illustrated, 412 pages net , $7 . 50

SEIDELL, A. Handbook of Solubilities. i2mo, cloth.
In Press.

SEVER, G. F., Prof. Electrical Engineering Experi-
ments and Tests on Direct-current Machinery. With diagrams
and figures. 8vo pamphlet, illustrated net, $1 .00

- and TOWNSEND, F. Laboratory and Factory Tests
in Electrical Engineering. Second Edition. 8vo, cloth, illus-

trated net, $2 . 50

SEWALL, C. H. Wireless Telegraphy. With diagrams
and engravings. Second Edition, corrected. 8vo, cloth, illus-

trated net, $2 .00

Lessons in Telegraphy. For use as a text-book
in schools and colleges, or for individual students. Illustrated.

12mo, cloth $1.00

SEWELL, T. Elements of Electrical Engineering. A
First Year's Course for Students. Second Edition, revised, with
additional chapters on Alternating- current Working and Ap-
pendix of Questions and Answers. With many diagrams, tables

and examples. 8vo, cloth, illustrated, 432 pages net, $3 . 00

SEXTON, A. H. Fuel and Refractory Materials. 8vo,
cloth $2.00

Chemistry of the Materials of Engineering. A Hand-
book for Engineering Students. With tables, diagrams and
illustrations. 12mo, cloth, illustrated $2.50

SEYMOUR, A. Practical Lithography. With figures and
engravings. 8vo, cloth, illustrated net, $2.50
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SHAW, S. The History of the Staffordshire Potteries, and
the Rise and Progress of the Manufacture of Pottery and Por-

celain; with references to genuine specimens, and notices of

eminent potters. A re-issue of the original work published in

1829. 8vo, cloth, illustrated net, $3 . 00

Chemistry of the Several Natural and Artificial

Heterogeneous Compounds used in Manufacturing Porcelain,
Glass and Pottery Re-issued in its original form, published in

1837. 8vo, cloth. ,

'

net, $5 .00

SHAW, WM. J. (Lieut-Col.). Studies in Map Reading
and Field Sketching. An aid to passing outdoor examinations in

these subjects. Illustrated with 15 folding plates. 12mo, cloth,

illustrated, 148 pages net, $2 . 50

- Tactical Operations for Field Officers : being Up-to-
date schemes worked out on training grounds at home stations.

With folding plates and maps. 12mo, cloth, illustrated, 321.

pages $3 . 00

SHELDON, S., Ph.D., and MASON, H., B.S. Dynamo-
electric Machinery: its Construction, Design and Operation.
Direct-current Machines. Fifth Edition, revised. 8vo, cloth, il-

lustrated net, $2 . 50

Alternating-current Machines : being the second
volume of the author's "

Dynamo-electric Machinery : its Construc-

tion, Design and Operation." With many diagrams and figures.

(Binding unitorm with volume I.) Fourth Edition. 8vo, cloth,
illustrated net, $2.50

SHERRIFF, F. F. Oil Merchants' Manual, and Oil Trade
Ready Reckoner. With two sheets of tables Second Edition,
revised and enlarged. 8vo, cloth net, $3.50

SHIELDS, J. E. Notes on Engineering Construction.

Embracing Discussions of the Principles involved, and Descrip-
tions of the Material employed in Tunneling, Bridging, Canal and
Road Building, etc. 12mo, cloth $1 . 50

SHOCK, W. H. Steam Boilers: their Design, Construc-
tion and Management. 4to, half morocco $15.00
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SHREVE, S. H. A Treatise on the Strength of Bridges
and Roofs. Comprising the determination of algebraic formulas
for strains in Horizontal, Inclined or Rafter, Triangular, Bow,
string, Lenticular and other Trusses, from fixed and moving loads-

with practical applications and examples, for the use of Students
and Engineers. 87 woodcut illustrations. Fourth Edition. 8vo,
cloth $3 .50

SHUNK, W. F. The Field Engineer. A Handy Book
of practice in the Survey, Location and Track-work of Railroads,

containing a large collection of Rules and Tables, original and
selected, applicable to both the Standard and Marrow Gauge,
and prepared with special reference to the wants of the young
Engineer. Sixteenth Edition, revised and enlarged. With
addenda. 12mo, morocco, tucks $2 . 50

SIMMS, F. W. A Treatise on the Principles and Practice
of Leveling. Showing its application to purposes of Railway
Engineering, and the Construction of Roads, etc. Revised and
corrected, with the addition of Mr. Laws' Practical Examples for

setting out Railway Curves. Illustrated. 8vo, cloth $2 . 50

Practical Tunneling. Fourth Edition, Revised and
greatly extended. With additional chapters illustrating recent

practice by D. Kinnear Clark. With 36 plates and other illustra-

tions. Imperial 8vo, cloth $12 .00

SIMPSON, G. The Naval Constructor. A Vade Mecum
of Ship Design, for Students, Naval Architects, Ship Builders and
Owners, Marine Superintendents, Engineers and Draughtsmen.
12mo, morocco, illustrated, 500 pages net, $5.00

SLATER, J. W. Sewage Treatment, Purification and
Utilization. A Practical Manual for the Use of Corporations,
Local Boards, Medical Officers of Health, Inspectors of Nuisances,
Chemists, Manufacturers, Riparian Owners, Engineers and Rate-

payers. 12mo, cloth $2 . 25

SMITH, I. W., C.E The Theory of Deflections and of
Latitudes and Departures. With

special applications to Curvi-
linear Surveys, for Alignments of Railway Tracks. Illustrated.

16mo, morocco, tucks $3 . 00

SMITH, J. C. Manufacture of Paint. A Practical Hand-
book for Paint Manufacturers, Merchants and Painters. With
60 illustrations and one large diagram. 8vo, cloth .. net, $3.00
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SNELL, A. T. Electric Motive Power: The Transmission
and Distribution of Electric Power by Continuous and Alternate
Currents. With a Section on the Applications of Electricity to

Mining Work. Second Edition. 8vo, cloth, illustrated.. net, 4 .00

SNOW, W. G., and NOLAN, T. Ventilation of Buildings.
16mo, cloth. (Van Nostrand's Science Series.) $0.50

SODDY, F. Radio-Activity : An elementary treastise
from the standpoint of the disintegration theory. With 40 figures
and diagrams. 8vo, cloth, illustrated net, $3 .00

SOXHLET, D. H. Art of Dyeing and Staining Marble,
Artificial Stone, Bone, Horn, Ivory and Wood, and of imitating
all sorts of Wood. A practical Handbook for the use of Joiners,

Turners, Manufacturers of Fancy Goods, Stick and Umbrella
Makers, Comb Makers, etc. Translated from the German by
Arthur Morris and Herbert Robson, B.Sc. 8vo, cloth, 170

pages net, $2 . 50

SPANG, H. W. A Practical
.
Treatise on Lightning Pro-

tection. With figures and diagrams. 12mo, cloth $1.00

SPEYERS, C. L. Text-book of Physical Chemistry.
8vo, cloth $2.25

STAHL, A. W., and WOODS, A. T. Elementary Mechan-
ism. A Text-book for Students of Mechanical Engineering.
Thirteenth Edition, enlarged. 12mo, cloth $2 . 00

STALEY, C., and PIERSON, G. S. The Separate System
of Sewerage: its Theory and Construction. Third Edition,
revised and enlarged. With chapter on Sewage Disposal. With
maps, plates and illustrations. 8vo, cloth $3 . 00

STANDAGE, H. C. Leather-workers' Manual: being a
Compendium of Practical Recipes and Working Formulae for

Curriers, Boot-makers, Leather Dressers, Blacking Manufac-

turers, Saddlers, Fancy Leather Workers and all persons en-

gaged in the manipulation of leather. 8vo, cloth net, $3 . 50

Sealing Waxes, Wafers and Other Adhesives. For
the Household, Office, Workshop and Factory. 8vo, cloth, 96

pages net, $2 .00
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STEWART, R. W. A Text-book of Light. Adapted to
the Requirements of the Intermediate Science and Preliminary
Scientific Examinations of the University of London, and also

for General Use. Numerous diagrams and examples. 12mo
cloth $1.00

Text-book of Heat. Illustrated. 8vo, Cloth, $1.00

Text-book of Magnetism and Electricity. 160 Illus-

trations and numerous examples. 12mo, cloth $1 .00

Elementary Text book of Magnetism and Electricity.
With numerous figures and diagrams. 12mo, cloth $1 .00

STILES, A. Tables for Field Engineers. Designed for
Use in the Field. Tables containing all the Functions of a One
Degree Curve, from which a corresponding one can be found for

any required Degree. Also, Tables of Natural Sines and Tangents.
12mo, morocco, tucks $2.00

STILLMAN, P. Steam-engine Indicator and the Improved
Manometer Steam and Vacuum Gauges; their Utility and Appli-
cation, New edition. 12mo, flexible cloth... $1 .00

STODOLA, Dr. A. Steam Turbines. With an appendix
on Gas Turbines, and the future of Heat Engines. Authorized
translation by Dr. Louis C. Loewenstein (Lehigh University).
With 241 cuts and 3 lithographed tables. Second Edition, re-

vised and enlarged. 8vo, cloth, illustrated net, $5.00

STONE, R., Gen'l. New Roads and Road Laws in the
United States. 200 pages, with numerous illustrations. 12mo,
cloth $1 .00

STONEY, B. D. The Theory of Stresses in Girders and
Similar Structures. With Observations on the Application of

Theory to Practice, and Tables of Strength, and other Properties
of Materials. New revised edition, with numerous additions on

Graphic Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses,

Working Loads, Riveting, Strength and Tests of Materials.

777 pages, 143 illus. and 5 folding-plates. 8vo, cloth. . . . $12.50

STUART, C. B., U.S.N. Lives and Works of Civil and
Military Engineers of America. With 10 steel-plate engravings.
8vo, cloth $5.00

-The Naval Dry Docks of the United States. Illus-

trated with 24 fine engravings on steel. Fourth Edition. 4to,

cloth.. $6.00
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SUFFLING, E. R. Treatise on the Art of Glass Painting.
Prefaced with a Review of Ancient Glass. With engravings and
colored plates. 8vo, cloth net, $3 . 50

SWEET, S. H. Special Report on Coal, Showing its Dis-
tribution, Classification, and Costs delivered over Different Routes
to Various Points in the State of New York and the Principal
Cities on the Atlantic Coast. With maps. 8vo, cloth. . . .$3.00

SWOOPE, C. W. Practical Lessons in Electricity: Prin-

ciples, Experiments and Arithmetical Problems. An Elementary
Text-book. With numerous tables, formulae, and two large in-

struction plates. 8vo, cloth, illustrated. Seventh Edition . .'net, $2.00

TAILFER, L. Practical Treatise on the Bleaching of
Linen and Cotton Yarn and Fabrics. With tables and diagrams;
Translated from the French by John Geddes Mclntosh. 8vo,
cloth, illustrated net, $5 . 00

TEMPLETON, W. The Practical Mechanic's Workshop
Companion. Comprising a great variety of the most useful
rules and formula? in Mechanical Science, with numerous tables
of practical data and calculated results facilitating mechanical

operations. Revised and enlarged by W. S. Hutton. 12mo,
morocco $2.00

THOM, C., and JONES, W. H. Telegraphic Connections:
embracing Recent Methods in Quadruplex Telegraphy. 20 lull-

page plates, some colored. Oblong, 8vo, cloth $1 .50

THOMAS, C. W. Paper-makers' Handbook. A Practical
Treatise. Illustrated In Press.

THOMPSON, A. B. Oil Fields of Russia and the Russian
Petroleum Industry. A Practical Handbook on the Explora
tion, Exploitation, and Management of Russian Oil Properties,
including Notes on the Origin of Petroleum in Russia, a Descrip-
tion of the Theory and Practice of Liquid Fuel, and a Translation
of the Rules and Regulations concerning Russian Oil Properties.
With numerous illustrations and photographic plates and a map
of the Balakhany-Saboontchy-Romany Oil Field. 8vo, cloth,
illustrated net, $15.00

THOMPSON, E. P., M.E. How to Make Inventions;
or, Inventing as a Science and an Art. A Practical Guide for

Inventors. Second Edition. 8vo, boards $0.50
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THOMPSON, E. P., M.E. Roentgen Rays and Phenomena
of the Anode and Cathode. Principles, Applications, and Theo-
ries. For Students, Teachers, Physicians, Photographers, Elec-
tricians and others. Assisted by Louis M. Pignolet, N. D. C.

Hodges and Ludwig Gutmann, L.E. With a chapter on Gen-
eralizations, Arguments, Theories, Kindred Radiations and Phe-
nomena. By Professor Wm. Anthony. 50 diagrams, 40 half-tones.

8vo, cloth $1.00

THOMPSON, W. P. Handbook of Patent Law of All
Countries. Thirteenth Edition, completely revised, March, 19C5.

16mo, cloth $1 . 50

THORNLEY, T. Cotton Combing Machines. With Nu-
merous tables, engravings and diagrams. 8vo, cloth, illustrated,
343 pages net, $3.00

Contents. Preface; List of Illustrations; The Silver Lap Ma-
chine; Ribbon Lap Machine and Draw-frame; General Descrip-
tion of the Heilmann Comber; The Cam Shaft; The Detaching
and Attaching Mechanism of the Comber; The Duplex Comber;
Resetting of Combers; The Erection of a Heilmann Comber;
Stop Motions; Various Calculations; Various Notes and Dis-

cussions; Cotton Combing Machines of Continental Make; Index.

THURSO, J. W. Modern Turbine Practice and Water-
Power Plants With eighty-eight figures and diagrams. 8vo,
cloth, illustrated net, $4 .CO

TODD, J., and WHALL, W. B. Practical Seamanship
for Use in the Merchant Service: including all ordinary subjects;
also Steam Seamanship, Wreck Lifting, Avoiding Collision. Wire

Splicing, Displacement and everything necessary to be known
by seamen of the present day. Fifth Edition, with 247 illus-

trations and diagrams. 8vo, cloth net, $7 . 50

TOMPKINS, A. E. Text-book of Marine Engineering.
Second Edition, entirely rewritten, rearranged, and enlarged. With
over 250 figures, diagrams, and full-page plates. 8vo, cloth,
illustrated net, $6 . 00

TOOTHED GEARING. A Practical Hand book for Offices

and Workshops By a Foreman Patternmaker. 184 illustra-

tions 12mo, cloth $2.25

TRATMAN, E. E. R. Railway Track and Track-work.
With over 200 illustrations. 8vo, cloth $3 . 00

TRAVERSE TABLE, Showing Latitude and Departure
for each Quarter Degree of the Quadrant, and for Distances from 1

to 100, to which is appended a Table of Natural Sines and Tan-
gents for each five minutes of the Quadrant. (Reprinted from
Scribner's Pocket Table Book.) Van Nostrand's Science Series.

16mo, cloth $0.50
Morocco . . $1 -00
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TREVERT, E. How to Build Dynamo-electric Machinery,
embracing Theory, Designing, and Construction of Dynamos and
Motors. With appendices on Field Magnet and Armature
Winding, Management of Dynamos and Motors, and Useful
Tables of Wire Gauges. 8vo, cloth, illustrated $2 . 50

Electricity and its Recent Applications. A Practical
Treatise for Students and Amateurs, with an Illustrated Dictionary
of Electrical Terms and Phrases. 12mo, clotL $2.00

TRINKS, W., and HOUSUM, C. Shaft Governors. i6mo,
cloth, illustrated. (Van Nostrand's Science Series.) $0.50

TUCKER, J. H., Dr. A Manual of Sugar Analysis, in-

cluding the Applications in General of Analytical Methods to the

Sugar Industry. With an Introduction on the Chemistry of

Cane-sugar, Dextrose, Levulose, and Milk-sugar. Sixth Edition.

8vo, cloth, illustrated $3 . 50

TUMLIRZ, 0., Dr. Potential and its Application to the
Explanation of Electrical Phenomena, Popularly Treated. Trans-
lated from the German by D. Robertson. 12mo, cloth, ill. $1 .25

TUNNER, P. A. Treatise on Roll-turning for the Manu-
facture of Iron. Translated and adapted by John B. Pearse, of

the Pennsylvania Steel Works, with numerous engravings, wood-
cuts. 8vo, cloth, with folio atlas of plates $10.00

TURBAYNE, A. A. Alphabets and Numerals. With 27
plates. 4to, boards $2 . 00

UNDERBILL, C. R. The Electro-magnet. New and
revised edition. 8vo, cloth, illustrated net, $1 . 50

URQUHART, J. W. Electric Light Fitting. Embodying
Practical Notes on Installation Management. A Handbook for

Working Electrical Engineers. With numerous illustrations.

12mo, cloth $2.00

Electro-plating. A Practical Handbook on the Depo-
sition of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plati-

num, etc. Fourth Edition. 12mo $2 . 00

Electrotyping. A Practical Manual Forming a New
and Systematic Guide to the Reproduction and Multiplication of

Printing Surfaces, etc. 12mo $2.00
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URQUHART, J. W. Dynamo Construction. A Practical
Handbook for the Use of Engineer Constructors and Electricians
in Charge, embracing Frame Work Building, Field Magnet and
Armature Winding and Grouping, Compounding, etc., with Ex-

amples of Leading English, American, and Continental Dynamos
ana Motors, with numerous illustrations. 12mo, cloth. ... $3.00

Electric Ship Lighting. A Handbook on the Practical

Fitting and Running of Ship's Electrical Plant. For the Use of

Ship Owners, and Builders, Marine Electricians and Sea-going
Engineers-in-Charge. Illustrated. 12mo, cloth &3.0U

UNIVERSAL TELEGRAPH CIPHER CODE. Arranged
for General Correspondence. 12mo, cloth $1 .00

VAN NOSTRAND'S Chemical Annual, based on Bieder-
manns' "Chemiker Kalender." Edited by Prof. J. C. Olsen, with
the co-operation of Eminent Chemists. First year of issue 1906.

12mo, cloth, illustrated In Press.

Engineering Magazine. Complete Sets, 1869 to 1886
inclusive. 35 vols., in cloth $60.00

" "
in half morocco $100.00

Year Book of Mechanical Engineering Data. With
many tables and diagrams. (First Year of issue 1906.) In Press.

VAN WAGENEN, T. F. Manual of Hydraulic Mining
For the Use of the Practical Miner. Revised and enlarged edition.

18mo, cloth $1 .00

VILLON, A. M. Practical Treatise on the Leather Industry.
With many tables and illustrations and a copious index. A trans-

lation of Villon's "Traite Pratique de la Fabrication des Cuirs et

du Travail des Peaux," by Frank T. Addyman, B.Sc. 8vo,
cloth, illustrated net, $10.00

VINCENT, C. Ammonia and its Compounds: their
Manufacture and Uses. Translated from the French by M. J.

Salter. 8vo, clo.h, illustrated net, $2 .00

VOLK, C. Haulage and Winding Appliances Used in

Mines. With plates and engravings. Translated from the Ger-

.man. 8vo, cloth, illustrated net, $4 .00
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VON GEORGIEVICS, G. Chemical Technology of Textile
Fibres: their Origin, Structure, Preparation, Washing, Bleaching,
Dyeing, Printing, and Dressing. Translated from the German
by Charles Salter. With many diagrams and figures. 8vo, cloth,
illustrated. 306 pages net, $4 . 50

Contents. The Textile Fibres; Washing, Bleaching, and Car-

bonizing; Mordants and Mordanting; Dyeing, Printing, Dressing
and Finishing; Index.

Chemistry of Dyestuffs. Translated from the Second
German edition by Chas. Salter. 8vo, cloth, 412 pages. . . net, $4 . 50

WABNER, R. Ventilation in Mines. Translated from
the German by Charles Salter. With plates and engravings.
8vo, cloth, illustrated, 240 pages net, $4 . 50

WADE, E. J. Secondary Batteries: their Theory, Con-
struction and Use. With innumerable diagrams and figures.

8vo, cloth, illustrated, 492 pages net, $4 .00

WALKER, F., C.E. Aerial Navigation. A Practical
Handbook on the Construction of Dirigible Balloons, Aerostats,

Aeroplanes and Aeromotors. With diagrams, tables and illus-

trations. 8vo, cloth, illustrated, 151 pages net, $3.00

WALKER, S. F. Electrical Engineering in Our Homes
and Workshops. A Practical Treatise on Auxiliary Electrical

Apparatus. Third Edition, revised, with numerous illustrations.

8vo, cloth $2 .00

Electric Lighting for Marine Engineers, or How to

Light a Ship by the Electric Light and How to Keep the Apparatus
in Order. Second Edition. 103 illus., 8vo, cloth $2.00

WALKER, W. H. Screw Propulsion. Notes on Screw
Propulsion ; its Rise and History . 8vo, cloth $0.75

WALLING, B. T., Lieut. Com. U.S.N., and MARTIN, JULIUS.
Electrical Installations of the United States Navy. With many
diagrams and engravings. 8vo, cloth, illustrated In Press.

WALLIS TAYLER, A. J. Modern Cycles, a Practical
Handbook on Their Construction and Repair. With 300 illustra-

tions. 8vo, cloth $4 .00

Motor Cars, or Power Carriages for Common Roads.
With numerous illustrations. 8vo, cloth $1 .80
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WALLIS TAYLER, A. J. Bearings and Lubrication. A
Handbook for Every user of Machinery. Fully illustrated. 8vo,
cloth $1.50

Refrigerating and Ice-making Machinery. A Descrip-
tive Treatise for the use of persons employing refrigerating and
ice-making installations, and others. Svo, cloth, illustrated. $3 . 00

Refrigeration and Cold Storage : being a Complete
practical treatise on the art and science of refrigeration. 600

pages, 361 diagrams and figures. Svo, cloth net, $4.50

Sugar Machinery. A Descriptive Treatise, devoted
to the Machinery and Apparatus used in the Manufacture of

Cane and Beet Sugars. 12mo, cloth, illustrated $2 . 00

WANKLYN, J. A. A Practical Treatise on the Exam-
ination of Milk and its Derivatives, Cream, Butter and Cheese.

12mo, cloth $1 .00

- Water Analysis. A Practical Treatise on the Exam-
ination of Potable Water. Tenth Edition. 12mo, cloth $2 . 00

WANSBROUGH, W. D. The A B C of the Differential
Calculus. 12mo, cloth $1 . 50

WARD, J. H. Steam for the Million. A Popular Treat-
ise on Steam, and its application to the Useful Arts, especially to

Navigation. Svo, cloth $1 . 00

WARING, G. E., Jr. Sewerage and Land Drainage.
Illustrated with woodcuts in the text, and full-page and folding
plates. Third Edition. Quarto. Cloth $6 .00

Modern Methods of Sewage Disposals for Towns,
Public Institutions and Isolated Houses. Second Edition, revised
and enlarged. 260 pages. Illustrated. Cloth $2.00

How to Drain a House. Practical Information for
Householders. Third Edition, enlarged. 12mo, cloth $1.25

WARREN, F. D. Handbook on Reinforced Concrete.
16mo, cloth, illustrated net, $2.50
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WATSON, E. P. Small Engines and Boilers. A Manual
of Concise and Specific Directions for the Construction of Small

Steam-engines and Boilers of Modern Types from five Horse-

power down to model sizes. Illustrated with Numerous Dia-

grams and Half-tone Cuts. 12mo, cloth $1 . 25

WATT, A. Electro-plating and Electro-refining of Metals:
being a new edition of Alexander Watts' "Electro-Deposition."
Revised and largely rewritten by Arnold Philip, B.Sc. With
numerous figures and engravings. 8vo, cloth, illustrated, 680
pages net, $4 . 50

Electro-metallurgy Practically Treated. Eleventh
Edition, considerably enlarged. 12mo, cloth $1 . 00

The Art of Soap-making. A Practical Handbook of
the Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. In-

cluding many New Processes, and a Chapter on the Recovery of

Glycerine from Waste Lyes. With illustrations. Fifth Edition,
revised and enlarged. 8vo, cloth. $3 .00

The Art of Leather Manufacture : being a Practical

Handbook, in which the Operations of Tanning, Currying and
Leather Dressing are Fully Described, and the Principles of

Tanning Explained, and many Recent Processes Introduced.
With numerous illustrations. New Edition In Press.

WEALE, J. A Dictionary of Terms Used in Architecture,
Building, Engineering, Mining, Metullargy, Archaeology, the Fine

Arts, etc., with explanatory observations connected with applied
Science and Art. Fifth Edition, revised and corrected. 12mo,
cloth. $2.50

WEBB, H. L. A Practical Guide to the Testing of Insu-
lated Wires and Cables. Illustrated. 12mo, cloth $1.00

The Telephone Handbook. 128 Illustrations. 146
pages. 16mo, cloth $1 .00

WEEKES, R. W. The Design of Alternate Current Trans-
formers. Illustrated. 12mo, cloth $1 .00
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WEISBACH, J. A Manual of Theoretical Mechanics.
Ninth American edition. Translated from the fourth augmented
and improved German edition, with an Introduction to the Calculus

by Eckley B Coxe, A.M., Mining Engineer. 1,100 pagen and 902
woodcut illustrations 8vo, cloth $6. 00

Sheep $7 . 50

and HERRMANN, G. Mechanics of Air Machinery.
Authorized translation, with an appendix on American practice
by A. Trowbridge. With figures, diagrams, and folding plates.
8vo, cloth, illustrated net, $3.75

WESTON, E. B. Tables Showing Loss of Head Due to
Friction of Water in Pipes. Second Edition 12mo, cloth.. $1.50

WEYMOUTH, F. M. Drum Armatures and Commutators.
(Theory and Practice.) A complete Treatise on the Theory
and Construction of Drum Winding, and of commutators for

closed-coir armatures, together with a full r6sum of some of the

principal points involved in their design, and an exposition of

armature reactions and sparking. 8vo, cloth $3 . 00

WHEELER, J. B., Prof. Art of War. A Course of
Instruction in the Elements of the Art and Science of War, for

the Use of the Cadets of the United States Military Academy,
West Point, N. Y. 12mo, cloth $1 .75

-Field Fortifications. The Elements of Field Forti-

fications, for the Use of the Cadets of the United States Military
Academy. West Point, N. Y. 12mo, cloth $1 .75

WHIPPLE, S., C.E. An Elementary and Practical Treatise
on Bridge Building. 8vo, cloth $3.00

WHITE, W. H., K.C.B. A Manual of Naval Architecture,
for use of Officers of the Royal Navy, Officers of the Mercantile

Marine, Yachtsmen, Shipowners and Shipbuilders Containing
many figures, diagrams and tables. Thick, 8vo, cloth, illus-

trated $9.00

WHITELAW, J., Jr. Surveying, as Practiced by Civil

Engineers and Surveyors; including the setting-out of work for

construction and surveys abroad, with examples taken from
actual practice. Intended as a handbook for Field and Office

use; also as a text-book for Students. With numerous tables

full-page plates and diagrams. 8vo, cloth, illustrated, 516

pages net, $4 . 00
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WILKINSON, H. D. Submarine Cable-laying, Repairing,
and Testing. 8vo, cloth. New Edition in Press.

WILLIAMSON, R. S. On the Use of the Barometer on
Surveys and Reconnoissances Part 1. Meteorology in its Con-
nection with Hypsometry. Part II Barometric Hypsometry.
With illustrative tables and engravings. 4to, cloth.... $16.00

- Practical Tables in Meteorology and Hypsometry, in

connection with the use of the Barometer. 4to, cloth $2. 50

WILSON, G. Inorganic Chemistry, with New Notation.
Revised and enlarged by H G Madan New edition. 12mo,
cloth $2.00

WILLSON, F. N. Theoretical and Practical Graphics.
An Educational Course on the Theory and Practical Applications
of Descriptive Geometry and Mechanical Drawing. Prepared
for students in General Science, Engraving, or Architecture.
Third Edition, revised. 4to, cloth, illustrated net, $4.00

Note-taking, Dimensioning and Lettering. 4to, Cloth,
illustrated net, $1 . 25

Third Angle Method of Making Working Drawings.
4to, cloth, illustrated net, $1 . 25

Some Mathematical Curves, and Their Graphical
Construction, 4to, cloth, illustrated, . , net, $1 . 50

Practical Engineering Drawing and Third Angle
Projection. 4to, cloth, illustrated net, $2.80

Shades, Shadows, and Linear Perspective. 4to, Cloth.
illustrated net, $1 . 00

Descriptive Geometry Pure and Applied, with a
chapter on Higher Plane Curves, and the Helix. 4to, cloth

illustrated net, $3 . 00

WINKLER, C., and LUNGE, G. Handbook of Technical
Gas-Analysis. With figures and diagrams. Second English edi-

tion. Translated from the third greatly enlarged German edition,
with some additions by George Lunge, Ph.D. 8vo, cloth, illus-

trated, 190 pages $4 .00
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WOODBURY, D. V. Treatise on the Various Elements
of Stability in the Well-proportioned Arch. With numerous
tables of the Ultimate and Actual Thrust. 8vo, half morocco.
Illustrated $4.00

WRIGHT, A. C. Analysis of Oils and Allied Substances.

Svo, cloth, illustrated, 241 pages net, $'3 . 50

Simple Method for T^ sting Painters' Materials. Svo,
cloth, 160 pages : . net, $2 . 50

WRIGHT, T. W., Prof. (Union College.) Elements of

Mechanics; including Kinematics, Kinetics and Statics. With ap-
plications. Third Edition, revised and enlarged. 8vo, cloth. .$2.50

- and HAYFORD, J. F. Adjustment of Observations
by the Method of Least Squares, with applications to Geodetic
Work. Second Edition, rewritten. Svo, cloth, illustrated, net. $3.00

YOUNG, J. E. Electrical Testing for Telegraph Engineers.
With Appendices consisting of Tables. Svo, el th, illus. . . $4.00

YOUNG SEAMAN'S MANUAL. Compiled from Various
Authorities, and Illustrated with Numerous Original and Select

Designs, for the Use of the United States Training Ships and the
Marine Schools. Svo, half roan $3 .CO

ZEUNER, A., Dr. Technical Thermodynamics. Trans-
lated from the German, by Prof J. F. Klein, Lehigh University
Svo, cloth, illustrated In Press.

ZIMMER, G. F. Mechanical Handling of Material. Be-
ing a treatise on the handling of material, such as coal, ore, tim-

ber, etc., by automatic and semi-automatic machinery, together
with the various accessories used in the manipulation of such

plant, also dealing fully with the handling, storing, and ware-

housing of grain. With 542 figures, diagrams, full-page and fold-

ing plates. Royal 8vo, cloth, illustrated. net, $10.00

ZIPSER, J. Textile Raw Materials, and Their Conversion
into Yarns. The study of the Raw Materials and the Technology
of the Spinning Process. A Text-book for Textile, Trade and
higher Technical Schools, as also for self-instruction. Based upon
the ordinary syllabus and curriculum of the Imperial and Royl
Weaving Schools. Translated from the German by Chas. Saner
Svo, cloth, illustrated net, $5.00
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No. i. CHIMNEYS FOR FURNACES AND STEAM BOILERS. By
R. Armstrong, C.E. Third American Edition. Revised and
partly rewritten, with an Appendix on "Theory of Chimney
Draught," by F. E. Well, M.E.

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colburn. New
Edition, revised by Prof. R. H. Thurston.

No. 3. PRACTICAL DESIGNING OF RETAINING-WALLS. Fourth
edition, by Prof. W. Cain.

Uo. 4. PROPORTIONS OF PINS USED IN BRIDGES. By Charles
E. Bender, C.E. Second edition, with Appendix.

:No. 5. VENTILATION OF BUILDINGS. By Wm. G. Snow, S.B., and
Thos. Nolan, A.M.

No. 6. ON THE DESIGNING AND CONSTRUCTION OF STORAGE
Reservoirs. By Arthur Jacob, B.A. Third American edition,

revised, with additions by E. Sherman Gould.

"No. 7. SURCHARGED AND DIFFERENT FORMS OF RETAINING-
walls. By James S. Tate, C.E.

No. 8. A TREATISE ON THE COMPOUND STEAM-ENGINE. By
John Turnbull, Jr. 2nd edition, revised by Prof. S. W. Robinson.

No. 9. A TREATISE ON FUEL. By Arthur V. Abbott, C.E. Founded
on the original treatise of C. William Siemens, D.C.L. Third ed.

No. 10. COMPOUND ENGINES. Translated from the French of A.
Mallet. Second edition, revised with results of American Prac-

tice, by Richard H. Buel, C.E.

No. xi. THEORY OF ARCHES. By Prof. W. Allan.

No. 12. THEORY OF VOUSSOIR ARCHES. By Prof. Wm. Cain.
Third edition, revised and enlarged.

No. 13. GASES MET WITH IN COAL MINES. By J. T. Atkinson.
Third edition, revised and enlarged, to which is added The Action
of Coal Dusts by Edward H. Williams, Jr.
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No. 14. FRICTION OF AIR IN MINES. By J. J. Atkinson. Second
American edition.

No. 15. SKEW ARCHES. By Prof. E. W. Hyde, C.E. Illustrated.

Second edition.

No. 16. GRAPHIC METHOD FOR SOLVING CERTAIN QUESTIONS
in Arithmetic or Algebra. By Prof. G. L. Vose. Second
edition.

No. 17. WATER AND WATER-SUPPLY. By Prof. W. H. Corfield,
of the University College, London. Second American edition.

No. 18. SEWERAGE AND SEWAGE PURIFICATION. By M. N.
Baker, Associate Editor "Engineering News." Second edition,
revised and enlarged.

No. 19. STRENGTH OF BEAMS UNDER TRANSVERSE LOADS.
By Prof. W. Allan, author of "Theory of Arches." Second
edition, revised.

No. 20. BRIDGE AND TUNNEL CENTRES. By John B. McMaster,
C.E. Second edition.

No. 21. SAFETY VALVES. By Richard H. Buel, C.E. Third edition.

No. 22. HIGH MASONRY DAMS. By E. Sherman Gould, M. Am.
Soc. C. E.

No. 23. THE FATIGUE OF METALS UNDER REPEATED STRAINS.
\Yith various Tables of Results and Experiments. From tho
German of Prof. Ludwig Spangenburg, with a Preface by S. H.
Shreve, A.M.

No. 24. A PRACTICAL TREATISE ON THE TEETH OF WHEELS.
By Prof. S. W. Robinson. 2nd edition, revised, with additions.

No. 25. THEORY AND CALCULATION OF CANTILEVER BRIDGES.
By R. M. Wilcox.

No. 26. PRACTICAL TREATISE ON THE PROPERTIES OF CON-
tinuous Bridges. By Charles Bender, C.E.

No. 27. BOILER INCRUSTATION AND CORROSION. By F. T.

Rowan. New edition. Revised and partly rewritten by F. E.
Idell.

No. 28. TRANSMISSION OF POWER BY WIRE ROPES. By Albert
W. Stahl, U.S.N. Second edition, revised.

No. 29. STEAM INJECTORS, THEIR THEORY AND USE. Trans-
lated from the French of M. Leon Pochet.

No. 30. MAGNETISM OF IRON VESSELS AND TERRESTRIAL
Magnetism. By Prof. Fairman Rogers.
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No. 31. THE SANITARY CONDITION OF CITY AND COUNTRY
Dwelling-houses. By George E. Waring, Jr. Second edition,
revised.

No. 32. CABLE-MAKING FOR SUSPENSION BRIDGES. By W.
Hildenbrand, C.E.

No. 33. MECHANICS OF VENTILATION. By George W. Rafter, C.E.
Second edition, revised.

No. 34. FOUNDATIONS. By Prof. Jules Gaudard, C.E. Trans-
lated from the French. Second edition.

No. 35. THE ANEROID BAROMETER: ITS CONSTRUCTION AND
Use. Compiled by George W. Plympton. Ninth edition,
revised and enlarged.

No. 36. MATTER AND MOTION. By J. Clerk Maxwell, M.A. Second
American edition.

No. 37- GEOGRAPHICAL SURVEYING: ITS USES, METHODS,
and Results. By Frank De Yeaux Carpenter, C.E.

No. 38. MAXIMUM STRESSES IN FRAMED BRIDGES. By Prof.
William Cain, A.M., C.E. New and revised edition.

No. 39. A HANDBOOK OF THE ELECTRO-MAGNETIC TELE-
graph. By A. E. Loring. Fourth edition, revised.

No. 40. TRANSMISSION OF POWER BY COMPRESSED AIR. By
Robert Zahner, M.E. New edition, in press.

No. 41. STRENGTH OF MATERIALS. By William Kent, C.E.,
Assoc. Editor "Engineering News." Second edition.

No. 42. THEORY OF STEEL-CONCRETE ARCHES, AND OF
Vaulted Structures. By Prof. Wm. Cain. Third edition,

thoroughly revised.

No. 43. WAVE AND VORTEX MOTION. By Dr. Thomas Craig,
of Johns Hopkins University.

No. 44. TURBINE WHEELS. By Prof. W. P. Trowbridge, Columbia

College. Second edition. Revised.

No. 45- THERMO-DYNAMICS. By Prof. H. T. Eddy, University
of Cincinnati. New edition, in press.

No. 46. ICE-MAKING MACHINES. From the French of M. Le Doux.
Revised by Prof. J. E. Denton, D. S. Jacobus, and A. Riesenberger.
Fifth edition, revised.

No. 47. LINKAGES: THE DIFFERENT FORMS AND USES OF
Articulated Links. By J. D. C. De Roos.

No. 48. THEORY OF SOLID AND BRACED ELASTIC ARCHES
By William Cain, C.E.

No, 49. MOTION OF A SOLID IN A FLUID. By Thomas Craig, Ph.D.
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No. 50. DWELLING-HOUSES: THEIR SANITARY CONSTRUC-
tion and Arrangements. By Prof. W. H. Corfield.

Ho. 51. THE TELESCOPE : OPTICAL PRINCIPLES INVOLVED IN
the Construction of Refracting and Reflecting Telescopes, with
a new chapter on the Evolution of the Modern Telescope, and a

Bibliography to date. With diagrams and folding plates. By
Thomas Nolan. Second edition, revised and enlarged.

No. 52. IMAGINARY QUANTITIES: THEIR GEOMETRICAL IN-

terpretation. Translated from the French of M. Argand by
Prof. A. S. Hardy.

No. 53. INDUCTION COILS: HOW MADE AND HOW USED.
Eleventh American edition.

No. 54. KINEMATICS OF MACHINERY. By Prof. Alex. B. W.
Kennedy. With an introduction by Prof. R. H. Thurston.

No. 55. SEWER GASES: THEIR NATURE AND ORIGIN. By A.
de Varona. Second edition, revised and enlarged.

No. 56. THE ACTUAL LATERAL PRESSURE OF EARTHWORK.
By Benj. Baker, M. Inst., C.E.

No. 57. INCANDESCENT ELECTRIC LIGHTING. A Practical De-

scription of the Edison System. By L. H. Latimer. To
which is added the Design and Operation of Incandescent Sta-

tions, by C. J. Field; and the Maximum Efficiency of Incandescent

Lamps, by John W. Howell.

No. 58. VENTILATION OF COAL MINES. By W. Fairley, M.E.,
and Geo. J. Andrd.

No. 59. RAILROAD ECONOMICS; OR, NOTES WITH COMMENTS.
By S. W. Robinson, C.E.

No. 60. STRENGTH OF WROUGHT-IRON BRIDGE MEMBERS.
By S. W. Robinson, C.E.

No. 61. POTABLE WATER, AND METHODS OF DETECTING
Impurities. By M. N. Baker. Second ed., revised and enlarged.

No. 62. THEORY OF THE GAS-ENGINE. By Dougald Clerk. Third
edition. With additional matter. Edited by F. E. Idell, M.E.

No. 63. HOUSE-DRAINAGE AND SANITARY PLUMBING. By W.
P. Gerhard. Tenth edition.

No. 64. ELECTRO-MAGNETS. By A. N. Mansfield.

No. 65. POCKET LOGARITHMS TO FOUR PLACES OF DECIMALS.
Including Logarithms of Numbers, etc.

No. 66. DYNAMO-ELECTRIC MACHINERY. By S. P. Thompson.
With an Introduction by F. L. Pope. Third edition, revised.

No. 67. HYDRAULIC TABLES FOR THE CALCULATION OF THE
Discharge through Sewers, Pipes, and Conduits. Based on
"Kutter's Formula." By P. J. Flynn.
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No. 68. STEAM-HEATING. By Robert Briggs. Third edition, re-

vised, with additions by A. R. Wolff.

No. 69. CHEMICAL PROBLEMS. By Prof. J. C. Foye. Fourth
edition, revised and enlarged.

No. 70. EXPLOSIVE MATERIALS. By Lieut. John P. Wisser.

No. 71. DYNAMIC ELECTRICITY. By John Hopkinson, J. A.
Shoolbred, and R. E. Day.

No. 72. TOPOGRAPHICAL SURVEYING. By George J. Specht.
Prof. A. S. Hardy, John B. McMaster, and H. F. Walling. Third
edition, revised.

No. 73. SYMBOLIC ALGEBRA; OR, THE ALGEBRA OF ALGE-
braic Numbers. By Prof. William Cain.

Ne. 74. TESTING MACHINES: THEIR HISTORY, CONSTRUC-
tion and Use. By Arthur V. Abbott.

No. 75. RECENT PROGRESS IN DYNAMO-ELECTRIC MACHINES.
Being a Supplement to "Dynamo-electric Machinery." By
Prof. Sylvanus P. Thompson.

No. 76. MODERN REPRODUCTIVE GRAPHIC PROCESSES. By
Lieut. James S. Pettit, U.S.A.

No. 77. STADIA SURVEYING. The Theory of Stadia Measure-
ments. By Arthur Winslow. Sixth edition.

No. 78. THE STEAM-ENGINE INDICATOR AND ITS USE. By
W. B. Le Van.

No. 79. THE FIGURE OF THE EARTH. By Frank C. Roberts, C.E.

No. 80. HEALTHY FOUNDATIONS FOR HOUSES. By Glenn
Brown.

No. 81. WATER METERS: COMPARATIVE TESTS OF ACCURACY,
Delivery, etc. Distinctive features of the Worthington, Ken-
nedy, Siemens, and Hesse meters. By Ross E. Browne.

No. 82. THE PRESERVATION OF TIMBER BY THE USE OF ANTI-
septics. By Samuel Bagster Boulton, C.E.

No. 83. MECHANICAL INTEGRATORS. By Prof. Henry S. H.
Shaw, C.E.

No. 84. FLOW OF WATER IN OPEN CHANNELS, PIPES, CON-
duits, Sewers, etc. With Tables. By P. J. Flynn, C.E.

No. 85. THE LUMINIFEROUS JETHER. By Prof. De Volson Wood.

No. 86. HANDBOOK OF MINERALOGY: DETERMINATION, DE-
scription, and Classification c f Minerals Found in the United
States. By Prof. J. C. Foye. Fifth edition, revised.
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No. 87. TREATISE ON THE THEORY OF THE CONSTRUCTION
of Helicoidal Oblique Arches. By John L. Culley, C.E.

No. 88. BEAMS AND GIRDERS. Practical Formulas for their Resist-

ance. By P. H. Philbrick.

No. 89. MODERN GUN COTTON: ITS MANUFACTURE, PROP-
erties, and Analyses By Lieut. John P. Wisser, UJ3.A.

No. 90. ROTARY MOTION AS APPLIED TO THE GYROSCOPE.
By Major J. G. Barnard.

No. 91. LEVELING: BAROMETRIC, TRIGONOMETRIC, AND
Spirit. By Prof. I. O. Baker. Second edition.
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BY

ALFRED HAY, D. Se., M. I. E. E.

EXTRACT FROM PREFACE.

In the following pages, an attempt is made to furnish the reader with a genera
account of the principles, construction, and use of alternate-current measur-

ing instruments, generators, motors, and transforming machinery.
Special attention is devoted to methods of testing. The first three

chapters contain a sketch of alternate-current theory. The au-
thor has tried, as far aspossible, to exclude everything of

purely academic or historical interest; on the other hand,
he has not hesitated to devote a good deal of space to

matters which are either not generally understood,
or which are of too recent origin to have

found their way into many text-books.

CONTENTS.
Alternating Currents. Frequency and Wave Shape. Form, Facton

and Amplitude Factor. Series Arrangement of Impedances. Polyphasi
Currents. Theory of the Wattmeter. Effect of Self-Inductance. Gene-l

ral Conditions to foe Satisfied toy Alternate Current Instruments. The 1

Dynamo Used as an Alternator. Transformers. Ratio of Transformation,
Induction Motors. Squirrel-Cage Instruments. Alternator "Used as a

Motor Synchronism. Regulation of Alternators and Transformers. Re-
sistance Measurements of Alternating Current Machinery. Assumptioi
Underlying Approximate Theory of Induction Motors. Experimental
Data Required for Construction of Circle Diagram. Determination
of Hysteresis Loss. Generator Action of Induction Motor at Hypersyn
chronous Speed. Phase Relation of Stator and Rotor Currents. Rotar
Converters and Their Uses. Compensated Motor. Index.
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THE ELECTRICAL NATURE
OF

Matter and Radioactivity
BY

HARRY C. JONES,
Professor of Physical Chemistry in the Johns Hopkins University.

CONTENTS.
Electrical Conductivity Of Gases Ratio of the charge to the mass of the ions in a gas.

Cathode Ray. Ratio of charge to mass for the cathode particle.
Determination of the Mass of the Negative Ion in Gases Charge on gaseous

ion compared with ion in solution. Ratio of charge to mass for the positive ion in gases.
Nature of the Corpuscle Electrical Theory of Matter The electron, the ultimate

unit of matter. Earlier attempts to unify matter. Other relations between the elements.
Nature of the Atom in Terms of the Electron Theory Electron theory and the

Periodic System. Cations and anions in terms of the electron theory. The electron theory and
radioactivity.

X-Kays Nature of the X-ray. Becquerel ray. Properties of the Becquerel ray Thorium radiation.

Discovery ofRadium Separation of radium from pitchblende. Spectrum of radium. Atomic
weight of radium.

Other Radioactive Substances in Pitchblende The more important methods used in

studying radioactivity. Nature of the radiations given off by radioactive substances.

Alpha Rays Ratio of mass to charge for the Alpha particle. Mass of the a particle. Spin-
thariscope.

Beta and Gamma Rays Nature of the charge carried by the Beta particles. Determination of
mass to charge for the Beta particle. Mass of the Beta particle. Relation to the cathode particle.

Summary of properties of Alpha, Beta and Gamma rays.
Other Properties of the Radiations Phosphorescence produced by radium salts. Ra-

dium increases the conductivity of dielectrics. Chemical effects produced by the radioactive sub-
stances. Physiological action of the radium radiations.

Production of Heat Energy by Radium Salts Methods of Measurement. Results.

Theory as to the origin of the heat. Solar heat may be due, in part, to radium. Terrestrial
heat produced by radium, bearing on the calculated age of the earth.

Emanation from Radioactive Substances Discovery of the emanation by Rutherford.
Method of obtaining the emanation. Amount of the emanation. Nature of the emanation.
Molecular weight of the emanation.

Radiations Given Out by the Emanations Recovery of emanating power. Decay
of the emanation. Heat evolved by the emanation, Helium produced from the emanation.
This is not a transmutation of the elements. Further experiments on the production of helium
from radium. Relations between the emanation and helium.

Induced Radioactivity Induced radioactivity by the emanation. Induced radioactivity

undergoes decay. Induced radioactivity due to the deposit of radioactive matter. Properties
of the radioactive matter deposited by the emanation from radioactive substances. Emanation X.

Decomposition products of the radioactive matter.

Production of Radioactive Matter Continuous formation of radioactive matter in
uranium. Radiations from uranium X. Continuous formation of radioactive matter in thorium.
Radiations from thorium X.

Most Recent Developments in Radioactivity This chapter will review the work of
the last few months and the subject up to the end of the year 1905.
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; A HANDBOOK
;

ON

REINFORCED CONCRETE
FOR

Architects, Engineers and Contractors,
BY

F. D. WARREN.
The scope of this work, partially outlined in the contents below, is intend-

ed to cover all the features included in the complete design of the ordinary re-

inforced concrete structures met with in practice.
To give the book a practical value, tables have been prepared and com

piled in such a clear and concise form, that by referring the elementary condi
tions governing the design in question to the data there given, safe workin
sizes for the various parts are readily determined. Also, many phases of d

sign, and difficulties of erection, are treated from a practical standpoint. Esti

mators of quantities and costs will find valuable data in the contents, as no pain
have been spared to do away with the tedious routine of preparing estimate

Finally, it has been the intention to prepare a reference book on the subje

just as complete in all details as are the many well known handbooks on stee

iron and wood constructions.
~^s

CONTENTS.
Tensile Strength of Cement.

Classification of Trap-rock Sizes.
Sand.

Proportion of Ingredients for Various Mixes.
Protecting Newly Laid Work.

Tensile Strength of Concrete Steel.
Tests of Beams.

Floor Tests.
Plot showing Expansion in 3O Fe<

Plot showing Expansion in 5O Feet.
Tables giving Safe Bending Moments for Different Sizes of Beams.

Tables giving Safe Shearing Forces for Different Sizes of Beams.
Tables giving Safe Spans for Different sizes of Beams,

Tables giving Safe Loads for Different sizes of Column!
Comparative Costs.

Trussed Roofs.
Reinforced Concrete Roofs

Weights of Trusses.
Comparative Costs of Different Trusses, etc., etc.
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-THE-

ABJUSTMERT
OF

OBSEI^V/ITIORS
By the Method of Least Squares with Appli-

cation to Goedetic Work.
BY

THOMAS WALLACE WRIGHT, M.A.,C.E.
i

Formerly Assistant Engineer Survey of the Northern and North-western Lakes.

WITH THE COOPERATION OF

JOHN FILLMORE HAYFORD, C. E.
Chiefof the Computing Division and Inspector of Goedetic Work, U. S. Coast and Goedetic Survey.

EXTRACT FROM PREFACE.
The leading principles that have been followed in making the revision in this

edition, are these: i. Matter that was curious only, and without application, has
been omitted. 2. Matter relating to description of instruments and methods of

observation, is in general, eliminated. 3. Statements of formulas not pertaining
to least squares are omitted. 4. Following American Custom, the term '

'proba-
ble error" is used instead of "mean square error." 5. In order not to increase
the size of the book, all applications to Physics, etc. have been omitted, with the
result that the number of pages has been cut down from 437 to 307.

CONTENTS.
CHAP. I Introduction. II The Law of Error. Ill Adjustment of

Direct Observations of One Unknown. IV Adjustment of Indirect Ob-
servations. V Adjustment of Condition Observations. VI Application
to the Adjustment of a Triangulation Method of Angles. VII Applica-
tion to the Adjustment of a Triangulation Method of Directions. VIII
Application to Base-Line Measuring, and to Leveling. IX Application to
Selection of Methods of Observation. Appendix. Index.
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THEIR

Construction and morning, dealing more especially

with Cubulous Boilers,

BASED ON THE WORK BY

L. E. BERTIN,
Late Chief Constructor of the French Navy.

TRANSLATED AND EDITED BY

LESLIE S. ROBERTSON,
Secretary of the Engineering Standards Committee. Member of the Institution of Civil Enginetrt.

Member of the Institution of Mechanical Engineers. Member of the

Institution of Naval Architects.

Witt a new chapter on "LIQUID FUEL" Dy Engineer-Lieutenant H. C. ANSTEY, R. N.

A PREFACE BY SIR WILLIAM WHITE, K. C. B., F. R. S.

Late Director of Naval Construction to the Admiralty, and Assistant Controller of the Navy.

WITH UPWARDS OF 35O ILLUSTRATIONS.

CONTENTS.
CHAP. I The Principal Laws Underlying Steam Navigation. Speed.

Radius of Action Regularity of Service. CHAP. II Short Description of Various
Types of Boilers Classification of Boilers. Notes on the General Behaviour of Boilers.

CHAP. Ill Brief Description of Marine Engines General Considerations. Class-

ification of Engines. The Principal Parts of the Engine. CHAP. IV Production ofHeat
from Coal General Considerations. Fuel and Grates. Natural Draught. Forced Draught.
Forced Draught as a Means of Increasing the Heat Efficiency. Firing. CHAP. V Liquid
Fuel. CHAP. VI Production of Heat. Transmission of Heat to the Water and to the

Steam. Production of Heat. CHAP. VII Wear and Corrosion. CHAP. VIII
Cylindrical Boilers Principal Features. Construction. CHAP. IX Locomotive
Boilers Application of Locomotive Boilers to the Navy, CHAP. X General Remarks.
CHAP. XI Boilert with Limited Circulation or Coil Boilers. CHAP. XII Boilers with free

Circulation. CHAP. XIII Boilers with Accelerated Circulation. CHAP. XIV Advan-
tages and Disadvantages ofTubulous Boilers. Comparison ofthe Different
Types General Advantages of Tubulous Boilers. Special Advantages for Marine Purposes. Vari-

ous Considerations. Disadvantages of Tubulous Boilers. Comparison of Different Tubulous Boilers.

CHAP. XV Weight and Space Occupied by Tubulous Boilers. CHAP. XVI Boiler
Mountings and Other Fittings. CHAP. XVH Boiler Steam Fittings.
CHAP. XVIII Feed Accessories. CHAP. XIX Accessories Relating to
the Disposal of Ashes. Appendix. Index.
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